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* °FOREWORD

The temperature of the earth's atmosphere is considered to be governed largely by the equilibrium

between absorbed and emitted radiation. Thus. the radiation passing through the stratosphere has been

shown to consist (a) of that from the sun chiefly of the wavelength interval 0.4 to 2 u (4004) 20.000 A), and

". "(b) that from the earth and hioer layers of the atmosphere of the wavelength region . to Og. Strangely
enough the main constituents of the atmosphere in abundance are practically tran-paren| to radiations in

the above wavelengths. The absorption in the atmosphere depends upon the presence of the minor con-

s stituents of the air, such as water vapor,'carbon dioxide, ozone andl various oxides of nitrogen. A striking

feature is the great intensity and complex structure of the absorption spectra in the infrared and ultraviolet

• :shown by nitrous oxide, ozone, water vapor and carbon dioxide.

The absorption bands of these minor gaseous components of the atmosphere in the solar spectrum have
4 been most widely employed to detect and measure their distribution. Knowledge of the abundance and
A vertical distribution of these gases is important. since such data provide useful information on the tempera-

ture balance of the atmosphere. Evidence from the spectra of the auroral light, which is emitted by strong
* excitation of the air particles caused by fast moving corpuscles coming from the sun, seems to indicate that

everywhere up to 600 km, at least, the atmosphere is a nitrogen-oxygen atmosphere.

Nitrous oxide is the only oxide of nitrogen whose presence in the atmosphere has been established by
direct observational evidence to exist, for a certainty, in the upper atmosphere. All three fundamentals,

'pl at 7.8 I, p at 17.0 14 and V3 at 4.5 g, of nitrous oxide have now been identified in the telluric spectrum. Prior
to the discovery of nitrous oxide in the upper atmosphere many investigations in the laboratory yielded
valuable information on its absorption spectra in the infrared, ultraviolet and vacuum ultraviolet spectral

regions.

Brief summaries of these early papers as well as more recent experimental laboratory studies on the
photolysis and thermal decompdsition of nitrous oxide, nitric oxide, and other oxides of nitrogen have been
included in this paper. These abstracts, or summaries, have been arranged chronologically and alphabeti.

cally within each year. They have been grouped as (a) nitrous oxide, (b) nitric oxide and (c) nitrogen dioxide
*- **and other oxide-sof n it rogen.

Several papers of a theoretical nature have considered certain homogeneous gas reaction mechanisms

for the distribution of the nitrogen oxides in the upper atmosphere. At altitudes of the spectacular auroral

phenomena the present day picture of the atmosphere at thesc heights is that the air consists largely of

atomic oxygen, molecular nitrogen, and atomic nitrogen. Molecular oxygen predominates below about
100 km and atomic oxygen above this altitude. Some investigators have reported evidence for N 11 emission
lines; the existence of 0 If emission lines are less certain. Ilomogeneous gas reactions among these atmos-

pheric constituents appear probable and lend themselves to many interesting speculations about the produc.

tion of the various oxides of nitrogen in the atmosphere, as well as their photodi sociation and recombination

processes in the upper atmosphere. There is also supporting evidence that photoionization of nitric oxide
may be an important mechanism in the formation of the 1) layer.

ii
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Recently, investig'ations on time photcheia try in tile lower atmosphere at ground level have yielded
* information of immttense practical significance. Niatrogen dioxide (N0 2 ). while not considered an important

oxide of nitrogen in thle upper atmosphere, is regirled as the most prevalent of the oxides of nitrogen in air

*pollution amid ditaring iwria4 Is of in tense sniog con , tions. It has been eshi.i.-ted that the exhaust fumes from
approximately 2.000000 autornobiles. trucks. 1) sses, and other motor v-ehicles in the covantry with an--

average daily inileag-e of a bout 50,0{)0,00) titiles qmntribute Aait 40 tons oif nitrogen oxide* into tile atmos-
sphere. Although thle concentration of the oxide iof nitrogen does not reach toxic levels in thme atmosphere,

their cataly tic action in the p~resence of sunligli in phiotochemical reactions leading to the formation of
atmnospherici ozone and many organic peroximles, Oxidan ti which characterize smog effects, has been demon.

strated )v extensive studie.

It i i prob.Myd safe to concludae that laboratoryv investigations on the oxides of nitrogen. which mightI appear ii'lie theoretical in nature, upomn absoiptimon coellicieuits, absorption hnd phiotfionizatiori cross-
sections, andl laaottchenis try have miany times ja the past proved to be of niost practical and economic

consequiena'e. The oxides of nitrogen have playe'd arm important role in tile study of chemical kinetics.

There are yet many photochemical processes involving the oxides of nitrogen not fully understood. A

knowledge of them can lead to a better uneai&of our atumophere.

Lnwts E. INFLLER

Atmospheric Standards Section

Atmospheric Physics Laboratory
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THE CHEMISTRY AND VERTICAL DISTRIBUTION OF THE
OXIDES OF NITROGEN IN THE ATMOSPHERE

. 1 . SUMMARY AND EVALUATION

L.1 INTRODUCTION

One of the main problems in the study of the compo-4ition of the upper atmosphere is the distribution,

abundanc-e and pressures of the constituent gases. In order to carry out calculations it is necessary to know ---

approximately the height at which phiotochemical decomposition, formation and photoionization of the
atmospheric gases under the action of solar radiations begin to be important., The composition of the earth's
atmosphere is essentially an oxygen-nitrogen atmosphere. In the following table by Paneth, it may be
observed that 98.95 percent by volume is due to nitrogen and oxygen, 0.93 percent argon and 0.03 percent
carbon dioxide, leaving a remainder of about 0.09 percent for the inert gases, ozone, oxides of nitrogen and
other minor atmospheric constituents.

Table 1. Composition of the Atmosphere up to About 60 km

Constituent Percent by Volume Reduced Thickness
(atmo-cm NTP)

Nitrogen 78.09 625,000
Oxygen 20.95 168,000
Argon 0.93 .7,440
Carbon dioxide 0.03 240
Neon 1.8 X 10-1 14.6
Helium 5.24 x 10-' 4.2
Krypton I X 10-4 0.8
Hydrogen S X 10-. 0.4
Xenon 8 X 10-6 0.06
Radon 6 X 10-' (variable decreasing

with height)

Not. The above values are given for dry air.

From f. A. Paneth, Quart. J. Meteor. Soc. 63, 433 (1937)., Ibid. 65, 304 (1939)._

Table It. Minor Constituents of the Atmosphere

7Constituent Percent by Volume Reduced Thirkness
- (atmu,-cm NTI')

Water vapor 0.1-2.8 0.25 mm -50 mm
liquid water

Ozone I X 10-1 0.3
Nitrous oxide 5 X 10-a 0.4
M ethane 1.4 x 10-1 1.2
Carbon monoxide 1 X 10-1 0.09-0.4
Heavy water 10- of water vapor

Miller, L E., J. Chem. Ed. 31, 112-124 (19541).



It i6 the purpose of this survey to examni ~e the eidc es in thle lit era t cre for t I e ceccilfrce origin.

vert ical d eist ribu tion anrd a bunancfle of at me ptierir flit rolls4 o is I and thle o their 4 ide- of,. i ii it rogeoi. Thie

oxidelcs of niit rogen are to he exp[eted as (combulicst ionr pre eldt st in instri a areas. an hi avye It, -if fe 41114 in thle

atmosphere over large cities i, eonventrationfs comparable to tiacas tlcaiic lcr -talfair cliqideiic. Thel* % art-

considered of imlportance in meteoirological phenomena, ani are thierefe of interest tit -tuckt froma a practical

view point as well as their plac'ein geophysics anid astrophaysics, in ioracilieric' phenomuiena. the icalrcrae anti ___

the night airglow.

t.2 ELECTRONIC STRUCTURE

Most of the molecuales of the oxides of nitrogen are resonanchis'c lolridt.. ThIe variias single anti colscdse

b.ismycange piteaes.-- lie most stable 1)fles are nitric' oxicde irt l nitrogern cdicoxidle ( N(-.. Tlhey

are "oddi" mwlecules, i.e., thev cntain an odd nuimiber cof 'lvctrcan-. iThec-s to wsa idiss sf nitrorcie repire.c'nt

oxidaht ion le'vels for n itroigen not usuaally occuirrinrg in citheir of its citii 4411cass. Thes rescinanmce' c f thle oddi

electron, according to theory, lietween the two or three atcomn osf thte rnsdeccle appears to stalize the

substances NO) and N( h~.

N itrous oxide (NI0) has a linear molecule, and it4 electric dipole momeint is practically ze-ro. The linear

andi non-sirnmetrical character of the miolccule of N20 was estabalishied hcN 11% er anti Barkcer (Ph ' s. Re'z. 38.,

1827(1931) W(frm infrared spectroscoiic data anti rotatioinal analv sis of the N:4 ) bainds at 1 7.01A 7.78,u ani
8 .6 M unclcr high dispersion. The structure was later crnliinesl by Sehomnakc r and Spicrr (J1. .In. Cient. Sor.

64, 1184 l(192)) by the electroin diffraction mnettiod. The possible resinatirg celectrocnic mtruc'tiurc- are:

++ .. . 4- +

{N N O: 0 :N m---N - 0:, and : - ..- 0

A71ric oxride: Tue nitric' oxide (NO) molecule has an oddc nuimber "of e'lectrons ai is p)aramragnaetic.

Pauiling has represented the molecule w~ith a double bond andi a three-cestrcin beon 1 as follcws:

The structure is also given as a resonance hybrid.

{:N 0: ,:N=O: ,and :N 0 f
.------ Chemic-ally. -nitric- -oxide -is unisaturatel- in-ehiaraeteerf rniing suelreompoznis as the nitrcisyl I aliiles by

addition. such as N( )CL. The odd electron may also be lost vi eliling the( nitrosyl (or nitros oicir) c'ation

No+ in sch well-known vrpo(ijrisA asi nitrosyl sulfuric acid, NOIIS01 .

'Virog#'n sesquioxide. oir (linitrogen trioxidle N()3.incorrectlyr callced nitrcenf trioxidle. procbably exists

on]% in tile solid state as; a pure comiidu. In the vapor phiase the molecule is almost c'omaplcetely dis.so-

ci ateci. A -cli die Inbs t anmie %% lushl melts shiiarply at abhou~t - 103'0C is oiit ai nced 1),. condelcnsing andI soidifying

an ei'd lcaieilar rllixtcre of No anti Nf k- 11, ie striettire of the -N,( it miicc elii'hs [lot been'r i'stabcili'l hby

phx -ival mtiits. (iriivalli it barn becen 1hown to have a probabiile .i iii uiaetnial ,tructure:

0 ==N 0 -N 0
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Nitrogen dioxide (NO), sometimes erroneously called nitrogen peroxide, is an "odd" molecule and is

paramagnetic. The structure was deduced by Sutherland and Penny (Nature 136. 146 (1935)) to be non.

linear. The electronic structure is not known for a certainty. According to Pauling the structure resonates

between

0. 0.
N and N 7  ..

0: 0:

Nitrogen tetroxide (N20) or dinitrogen tetroxide: Although the structure of N10 4 is not known with

certainty, Hendricks (Z. Phys. 70, 699 (1931)), Sutherland (Proc. Roy. Soc. (London) A 141,343 (1933)),

and Giauque and Kemp (J. Chem. Phys. 6, 40 (1938)) have suggested a symmetrical structure

:0 0

from X-ray measurements on the solid, by spectroscopic studies of the infrared and Raman spectra, and

thermodynamic properties.

The composition of nitrogen dioxide and its dimer, N2O 4, may be best expressed by the following

equilibria:
0-140°C 150-6200C

NO -4 -- 2NO, 2NO+O
(colorless) (deep (colorless)

reddish
brown)

Liquid NO is largely polynerized to nitrogen tetroxide, N204. At the boiling point about 20 percent of the

tetroxide is dissociated into the dioxide. Upon cooling the color of the liquid becomes lighter in color, and

freezes at - 11.2°C to a colorless solid which is pure N20 4 . Between 130-140*C the dissociation into NO2

is practically complete. At higher temperatures the N0, further dissociates into NO and 02, becoming

completely dissociated at about 620'C. The equilibrium constant for the reaction:

2NO, -± N2 0 4

is 8.8. At 25°C the equilibrium mixture is largely N20.

Nitrogen pentoxide (N2O,) in the solid state has a crystalline lattice structure containjing the ions,

NO + and NO- with distances of 1.15 and 1.24 A, respectively. Nitrogen pentoxide is a colorS ,olid

which sublimes without melting. At temperatures above 0°C it begins to dissociate into N204 and Ot .

In the vapor state the molecule is believed to have the structure

O2N - 0 -- NO.

Nitrogen trioxide (NO3) has been described by Schwartz and Achenbach (Ber. 68, 343 (1935)) as a white

solid which decomposes above - 140'C into NO: and O2. New bands in the absorption spectrum of ozone

when mixed with either NO2 or NO have been observed by several investigators. Lowry and others

(1936-1938) found that N205 vapor when mixed with a small amount of ozone produced a blue gas which

decomposed with luminescence at 100°C. Nitrogen trioxide in the gaseous phase is probably formed under

these conditions.



Molnelo and Neuimann (Z anorp. Chem. 232. 2 16 (I 937) ) Viave shl nW thait it is doi1 lbt fi I if tilt. White

Poljil is obtaiiaed 1l .lveoo-ilw a llni~tire (of N4( ):. and )~to Ihe e'lect rii' .i-tciarg a( a lo)w teiiieratire. Sci i.

inaelaer (Z. flnorg. (lie, 2:13. 47 1,1937)) o b tained a t lc*liiiIt 44lite coc ra Iii of N0 (IblI tilt react io n of nit rowIen

diox~ide with ozonel.

N02 +O03- NO.+ 0:

Jones 1a114 Wollf (.1. (hem. P/in.%- 5. 873 (1937)) obtainedl spectrosc'opic evidlence for th~e existenc'e of the

trioid e andl sho,%e 1hi tVa t nit r4)en t ni 'i Ic. N4 ) . doews noi t conlt ain thle pero~ y .i nkage, - 4) -- ) -- , an.ti

there fore cannot it- e o .nsi. Ired to) lote all anh l idie (i peroxynitriv avid. I 1 )4. The struvtlire of the noleiale

has been written as

0:

with resorn:nce betwteen the three oxygen atoms.

irogen 1,exoxide (N-06)) im formied by the action of fluorine on nitric acid.

211ENO, + F2 -~ N20 6 + 211 F

Its preparation hia- bleen ileseribiel by Fieliter an rii rinner (Heir. Chern. .'Ira 12,'306 (1929)). This oxidle

isi clearly ijstinlct from the trioi)\iIe, N0 3. andi appears to be the mixedl anh*i Iri.Ie of nitric andl peroxynitrie

acids. Tile structuire is. prolyI

02N - 0- 0(- NO,.

Ill tit Ii414llo g in tabVle t lit, Sitei i at; or 5 t4 tilcli( trite I rI iv a Ines of ft lie- oxid es o4f n itro~gen aref iven. These

l~aiic~i44*e rsi~miicih~ lh Iiintirnati. jil niii 4f he*ii-t-( ( ( 'sostl). lit this literatllre stir% es

helt o11ld ai o4 f ti 1'lt- ni Ig',elin4i are~ I.tol sitive all re fereni es il thet Ii tentt re abo lit liiir Ills 4 xii Icanoi

Tabile III1. Nomn,iiaw~r. oif Oxides~ if Nitri

I t C Name
Formula Ulil Name ystema44 ir!

NA) ~Nitrois oxideliriry?>*i

NIo Nitric oxide Niirwi -

N(Nitropen sq-11iide. -nlii.2.'ti~~

No Nitr,,-,ui ,I,imide Nitro.gen iiw ile
( lrrlmio,,-* v (ill-l
nilr-*g-n 1 ,'roeuid.)

Nt AI Nirznllr,xil.* t)Ninii 16,lriei

C w -ix *v ... . .iii .r.iwrail 'I titm .i.)



the a of er tvilt''. @of nil rl-,e 'in IlseI la* 11,ipil1heri eiloFl i 'oil tl t li ~i~11 nani- ne r no niencla iI re i grailij.
all i'vnhirig int~i --aie v '.iaall in til. 4-110i.111"'dlIiteratiira. Fight tixidl,. tif Initraiii ha'.r been oei.crilwel

if% lite irj atri. awl r'. a. ence - a C ato ca-rin fiir K lir ex~i fiimai aa piare voi imidAnn . Sine have- bolen

1w arl nlIt .bt amnteit 46111 11141- let 0wia I eitel. litit. Iw..i

Pi.p~f ')NO No, NO, '~NO4, No(), No,

4.rCi,1 IPOO. C.u4owl.. .. .' Mile1il~ltin aIwI* Hi.,li Cam

11 *C. -102.1 li36 102 11.2 41

P. c -W 151.71, 3.5 21.3 32.5(akL

In l4111 piart. ,Iw "tiJ. 130. 32 cm, 7.3 1 vm' So.,6ii1t, 14,101l.lr. de~rnp. '64l,l.IeSapall

rDa'n-it, v .97 ". l 1_3 w1 R 1, 1.117' 1. 16121
-A' .110 1q. S9 21.600 20,0 NO (X) 8.04I 13 raL hal '"4 N,4), (g) 2.31)t

.F* 2 k1.6 2)1119 NO, (g) 1.390 32
keal 'nw4 NIO, (0) 23.t91 7.

c O (c) I71
r1 at 'lelg N,0e. (g) 7..73

Te.,iton CAma,.ant 21.1 :7.1 30.9

XMJ iU-taneeto N - 01.19 I N -01.ISA NO,N 0 1 20 A N - 0 1.15 l
N - N 1.12 A N,,N -N 1.41 in N 0 1i on

N -01.17 A 1.24 in NO, ai-M

U: 1.4 NITRO'I'% OXIDE MNO)

~~eU ThIle pre-pnae (d nitt-owt oxiolp as' a watril-wjilt sertnanaent cotrittient in the i-arth,', atmil.piere walt

fin foar le tb~rveal lt Adl (I039 fraim infrared l 1 ectri-t iaa e% iilene i f the# P, ftinlarnental it 7.8 u in lte wolar

topeinrtm. Later the pre-wrive iif truii-pheria nit rim-a ciaijia- ia- aee,,irined tph a t i-auonl-Im nil- at 3.9" .
4.5 m ani 8.6 t lii- %l imecitte (1F) tg: it waa, ainriir,,aeel bt, Shall i. Swet arla,,.l anti WoerieII ( 11 fi tlhrmiph

rq-c~a~njt~iIA. it ltna.at ~ tAfu anti Lim. ?%jtriptesidt.I - - inl . iolt 0  pat gni.,t

in t he a Knia,-phcre h&- lieen c-ta lia -l IsI. ai rt-iv l itt)-ari alit, a I . a i-ive. la- t rptt atn halt na q flit rit)

111 jale in tlite infIrarea d ofthe "Jia r -lstinn KrIlai%,- 6a-n ,tii4P-f .1 widely~ elph iiro Ili a, .tt antin m iea-tirr it,%

1. 1.2 Origin of rarri,a.phieric a',itrau,; fvb-i.

I Ill gt'sioa-ii.. a- ill ,,,a,,. #4 tilt-.1 *glr JErth and. W-rimiiia -;iviw ia t i- aiwav- 4'stere-farg t

*wuaa-al.)smt fhle awigain ii( thet li-ieratrrit- vul-ft it. elf- ir tilt- tirri-frial atrmili..,tara. In a-t ri opt lesia.

%Atjiva- lit%,- l~i-n %raft.-, al-out If l,iri_,,in oif t~it -iplar -*o.'a -fan. Ilii origin itf aaaiat'.. alt-. Theii nitrotgen

c*icle. thei iii% gin and adrtllm .tuao~i.Ie iodvt. fits .t.-int fir tilt, aim~jl.K , aifini li-iftm iniif tlt-i- atimtitAlirie

ia,1illf-ai,~~re %lvlkrmn \%tilt raiei-anc t liii-vtieeparmaa.i~v ,siiala-a-.. ii-4verail jtoerma nin t a Ktinoiietlaraa
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gas, nit roia* oxii It-, which is remnark able in tw-in g planet *wiu I. in u li-fri Ii mio n and rist hervoun tt.11 in a buindance,

Vwo thueories haie been stuggested for its otrurrence in our attmuo-plere.
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Table V. The Discovery, Idenuilication and t:rticAl 1Ditribution of Atmupheri Nitrous O5.ide

Inveligauolr Date place )iscovery lRleference Remarks

Ade & LamIdand 0934 Arizona Hand at 7.6 u in Absorption Spec. Astrophys. J. 87. Attributed to hitherto unrecog.
.rum Earth's Atmosphere 198 (1938) nized almoaepheric cunatitu.

an t, probaldy N3 )

Adel.....- ---- 1938 Arimona Band at T l7asnd 83 pstudi-ssrLa a j. 8 h w ,trnce of atmospheric

186 (1938) NItJ indicated

Adel 1939 Arizona The telluric Hands at 7.77 m and Ahtr opys. J. WJ, An almoshlieric laoer of N,O
8.57 s cm.pared with laborm. 627 (1939) comparable to , layer indi.

tory pectrum of N4) cated, several mm IIick

SAdel 1911 Aritzna Rtati,....l structure of N) Ajrio,hihv,. J. 93, Attllarhric NO4i identified
.and 0, at 7."

8  
(golar) corm. 5(09 (194l)

... pared Wsitlh laboratory peC. - -. . . .. .

trum

. el 1941 Ariz, na Grating Infrared Slar Spectrum Astr,,phvs. J. 94, Rlotational lines of P, of NtO
Map 14 to 7 j+ 451 (1941); Phys. included. Abundance N,()

R,. 59, 944 3 mm

(1941)

Kriegel 1944 Oklahoma Presence of N3O in Soil Air G(ophys. 9, 447 Plausible source N,O in nil Air

(1944) Icterial decompgaitiot of

Adel 196 Arizmna Evaluati4.n of work of Kriegel Astron. J. 52. 40 Suggestion that Soil ir source
(1916). Sriente of ulpper atmosplheric N:O
103, 20 (1946 )

Migeitte IM18 Ohio State Trllhri Hands of N2() at 3.9 . Astr. J.54, 45 Confirmed work of Adl and

Iniverity 4.5 s and 8.6 A (19411) Sutherland

Shaw, Sutherland 1918 Cambridlgr BandofN,)at3.90M.4.06& and Phy'.Rfe. 74,978 CAnfirmed identificati mo(NO

and Wormell Vnivervitv. 4.5 s (1948) Unale to etabllih 7 .8 o and

England 8.6 19 hands

"Mclath and 1949 Michigan BandofNOat2.13pa.2.26,aand th'e.. Am. Philos. Abundanceaf N.J)4mm

Goldberg 2.97 a fou.id Soc. 93, 363
(1949); Astron. 5 'X 10

-o percent by olume

J. 54, 214 (1949)

.5%,1,1 and 1949 .Michigan l,,frared sIJ s-etrum 2.9 a to Pub. Astran. Soc. N,,mer,,s linen of NO near

Pierce 
3 .6 a inves ated Pacific 61, 221 3.0 a band
ly(10949)

Adel 1Q30 Arizo,na Temperature ,tmosphric NsO Astron. J. 55, 69 Effective raliatin t.mn'perature~layer ,(1950); Cj lw. W) to, if) C. N,-1 larg~ely

r___ ____Proc. RoY. Mete. present m Tro.l-phere
,+"; m-l. Sac. (1950)

"ene-ch. Strng 1930 John. Hp- Had of N,O at 2.564 cm -:and Prog. Repon OR The 2. hanl of N.#Ei at 2')1)4

and Ienedict king ( ni. 2461.5 cm- Contract Nhor cm -, lrarl% r-,.,lk,.I
vernity 1.166. August 1.

1950

*, +%. Migeotte 1950 Oi) State Fine structure N30 band* Astroph-s. J. 112, Slectral region. l
3
,..t.,

t
l.$$a;

University 136 (1950) 1.16 to t. 9 gI taludied

Shaw. fizhlrn 9,41 ()hi,, State Fine strutcture N.() band near Phvs. RXt. 78, 497 Some 704 r.tatian lin- in t .0 6
p

and Chapman tnivergity 
4 .0 6

o (1910) hand I,,l.rved

Slol,.d and Krgh 1164) Teas Analysis f Surface Air J. Am. Chem. .n. AJ-unlanee of N-() in ground

72, 1175 (1930) air game order rf magnitude
as from solar spectra abshorp-

tion data

. . . . .
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/ *~ (a) From soil air. In studying the analyses of certain hyudrocarbaons at the L~aboratories of the Carter

I ~Oil Company, Tulsa, Oklahoma. K ritgel (191.1) idenitified nitrous oaxide as a conistituenlt in these gases. lie

gave reasons for believing that nitrous oxide eaimts in soil air, and suiggested as a 1,laosible sourc-e of nitrous
oxidle in soil air the slow dlecompositioan (if commnercial fertilizers. especially in farming regions. Stualies of

decomposition of vegetation undter aerobic conditions show that nitroius oxide forms a large portion of the
-, - condensed gap fraction in woil air.

Boighis theory upon the dliscoavery of K riegel, A41lc1 (1946) suggested that s(ol air might 1w onte source,

anal perhaps the principal one, of the atoio-~pheriv njtri)Is oaxidje laver in the atinohailere. Later Ad~el (1931)
* summarized the several lines of evidcnce to supiprt this early by) pothe~is of the origin (if atmospheric nitrous

*oxide: (1) A British Admiralty group found fronm infrared atmospheric transmiss.ion that largc conventrations4

of nitrous, oxide w~ere present in path- parallel and close to the surface of the landi and ea (2) Solar spiectra
* j recorded aboard high-flying aircraft revealed a greatly diminished absorption of nitrous oxide in the 7.8 ;1

region with height. and (3) Slobod and Kroagh (1950) from a mass spectroscopic analysis of ground samples
of air found the concentration of nitrous oxidec to bie about 5 IX 10' percent by volumne, that ;--, of the same

order of ma=--teie as that deduced from infrared absorption methods. The following cycle was proposed

by Adel:

Nitrous oxide appears in the usoil as a decomposition product of the fixed nitrogen compounds. It
diffuse@ into the atmosphere. In the upper atmjosphere nitrous oxide is decomposed photochemically by
X < 2000 A into N2, 02 and NO. At thes~e high atmospheric levels NO is also decomposed photochcmnically

* into nitrogen and oxygen by X < 2000 A. The nitrous oxide presumably accumulates above the earth'i)
surface until the rates of accumulation and deconmposition are equal.

(b) Fromt homogeneouis gas reactions in thec upper aitmosphere. Bates (1952), andl Pates andl Witha-rs[poon
(1952) employing absorption cross sections deriveal from several labaaratory invebtigations of different groups

of investigatort. have calculated the rate of photodismxiatiou by

N 2 0 + bit -* N: + 0

which begins at about Xt 3 700 A, and the reaction

N0+lo'-NO+N
*which begins at aboutt X 2400I A. Two levels of nitrous oxide were considered, ground level and the 70-km

level. It %as assumed that all the nitrous oxide is contained in a 10-km layer at one or the other of thes~e

levels. The (-alculations show that if the layer were at groujnd level the number of N,( ) molecules alestro% cd
by photaslissociation would bie some 5 XK 101. cm3 sec. At the '70.kn level the number would be so~me

a 3 x 1( cM1 -.

*These are large (1e'trtuctiaan rate" andl in order to account for them Bates anti Witherspoon considlere-d
that the only plausible parent lparti(le4 are the 91 atoms anl 0,1 molecuiles in the lous'r atritosphere by which

equilibrium is preserved by the following reactions.

0 + (h+ NI-*0 3 + M
k03-- ha, - 0+ 0

The formation of nitrouis oaxide might rt-suit from the following reactions which are considered the most

- favorable anal sufficient to mieet the nitroaus oxiale requoirenment.

%~0 + N: + MT - N20 + 'M

03 + N. N20 + 02
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Molire ree tlyte qplestli n as to the origin of atmospheric nitrous dxidle has; been studied bly Goody andI

(%lh (1.)'i fth aed iLbotr% Cabidgfe. En rgland. Front new observ atio'n al d(ata they

%,ere ablde to make all c ra a I e of thea rate of* the reac'tion,

Ns2 + 03 -NO( + (h,

% hich was considlered b%. Rates and %% iterspoon as being the most promising of the homogeneous gas reac.

* 1 Itibls for the jirodliitiiin of attnomplieriv nitrous oxide.

(;4Nl and 'A aI-hai attia~liedl tite rate of tite abovse reartion by mixing nitrogen and ozone in an absorp.
in tulle. inca-u rang thle ozone levat, front thle ahi..orption in tile Chappuis bands k602O, 5872. and 5750 A),

and the nitrowi 41\iie formed front tile, inten-ity in tile .8 hand. The rate coefficient was deduaced to be
% ~le.-S than, or e-qual to). 5 x. III- cnri seec at I9W( as compared to 5 X 10- 7 cm3 see-' obtained by Bates

anti \% itiaeri.limm. \\ all reaction effe ts and other factors were coni.idered. 'rite oevidenceobtained by Goody

and 'A al-tI.Iw indhicated that tite heinogivncou gas reaction mneelani-in proposed b) Bates. and Witherspoon

is tio) -low bv a factor of 41) to avcm,',nt for the ohkerved concentration of nitrous oxide in tile atmosiphere.

0 R(IO) R(O) FNI) POIO) PRO0) P(301

Colirte-Y for Gerhard Jtrerzberg, Nation al' Re.arch (5,.,neil, Otitawa, Canada.
%4 Fiz. 2. A sIP..ctr. .~rjm af the t Y, bal 'If Nj- aE) t I .1 JA. Ti. hand in tile phot. .erarpbir in frared Iha4 the P anrd R braiches

only. 'rhe *pet,trion o~f N~l wa. -toidtit IP4o.4 1.2 u w ith loop alis-rling pathm iup to 4.104) m atiolog. III usia w~weral r,-gissn the
himanf .f N!() 1, ar ssrai.dv t Iw gmrtt If A0 bland near 1 . 1 5 M. Tb.. pgit ion* o st ile N2() tinep are in lisa tss bhsw the "lseetr.
gram. while the 11.1, linea are s.hoswn al-ves it.

As a re-tilt (of these obkervational data tile emphasis has- been reversed and is favsorabile toward baeterial
* ~rractiosns in tbe oiil to be probiably the prinripal source of atmospheric nitros oxidle. Thec rate osf 1iro~hotactn

is eon-idlered -ufficient to compensa te thle photswhemical decompositioin. The homogeneous gas reaction
* theory ac~coirding to this; more rerent rpsantitative study is of less and seconslar-, importance. I )ne might
* concludi- that there are these two processes in operation to supply nitroos oxidle to tile earths atmo-phere.

Additional (data are probably needed to decide definitely % hirh might be consioereri to bet tln# more important.

Varimnis estimates have been made aos'iut tile vertical distribution of nitrous oxidle in the earth's atmoo.

phere. Smre favor the hi- jmathesis that it is concentrated in thle lower layer4 of thle atino..phere, in the



troposphere and lower stratosphere, and is uniformly mixedl fat!Iing off in concentration with height similar
* to the other permanent atmos~ph~eric constituents. Others believe that the nitrous oxide. is present in the

upper atmotphere in sufficient amount to account for the formation of nitric oxide

x < 2400 A
N20 + hy - NO + N(IS)

* at altitudes of 80 to 90 km. The following table summarizes statements in the literature about the vertical

distribution, while the folloi~ing figuire by A. P. Mlitra gives the vertical distribution in the upper atmosphere

from homogeneous gas reactions believed to occur at these higher altitudes.

n1 (N 0) per CM3

a 0 __ _ 2 3 4 5 6 7 8

90

3z 70

0 + N -. N0+0 (n,)

60- N+ 0 *M -*N 0 +M (nl2

ATMOSPHERIC (
DISTRIBUTION

50

.-4-O 6 7 a 9 to I I - 12
1O 10 10 10 10 1O 10 10

n2 (N 2 0) and n3 (N 20) per CM3

From A. P. Mfitra. Ionospheric Research. Scientific Report No. 46, The Pennsylvania State College.

Fig. 3. The vertical distribution of N2() ir' the upper atmosphere. The distribt-tion (nt) was calculated on the assumption
that the parent particles in 1NO formation are from Os and N,

s + Ni- Nt,+O(h
The distribution (ii%) considers atomic oxygen and N so the parent particles.

Nt + 0 + M - N,0 + M

The infrared absorption bands of such minor gaseous constituients of the atmosphere, such aft H10.vapor,

COt. Os, N2 0, etc., have been most widely employed to detect and measure their distribution. Line intensi-

ties. the nature of line-broa tering mechanisms, the consequent tine shape, thc line widths and the effect of
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temperature and pressure upon them are useful to permit quartitative interpretation of nitrous oxide in the

solar spectrum recorded at different levels in the atmosphere.

The papers by Adel (1950). Goldberg and Mualler (1953), and Goody anOS Walshaw k1953) probably give

the latest quantitative data upon the vertical distribution of N20. The method used by Adel was the

measurement of the effective radiation temperature for the; N1O layer in the earth's atmosphere from measure-

ments of its emi"sivity andi radiation intensity at 7.8 M. The method is a general one and applicable to other

atmdopheric gases. such as ozone. 7

Asoumning that the nitrous oxide is present in an isothermal layer which is a largely unknown factor for

.7-NMO. Adel found effective radiation temperatures between 00 and 10*C. This temperature range for NO
coupled with the v-ell developed distribution of rotational intensities in the atmospheric absorption bands

indicated that nitraus oxide is concentrated mostly in the troposphere.

I Goldberg and Muler (1953) have determined the vertical distribution of nitrous oxide in the earth's

atmosphere by the lou-sun method. The principle involved in this method is that in a curved atmosphere,

the amount of absorbing gas traversed by a ray of sunlight from directions near the horizon depends upon

the vertical distribution. The relative amounts of absorbing gas traversed by light rays coming from different

zenith ang'es of the sun were calculated from the Link a*nd Sekera tables (Pui. Nat. Obs., Prague, 14 (1940)).

The values in these tables are based on the observed density distribution. in the atmosphere and take into

6i NATURAL LI EM

N2 TO PHOTO DISSOCIATIONI
THEORETICAL COMPUTATIONS

50 _______SATES AND WITHERSPOON (1952) ~

E 40____

20 _ _ _ __

10 4  ji

10! 102 103

LIFETIME (DAYS)

From Goo~dy and Walabaw, and Bet"' and Witberapo.-".

Fig. 4. Natural Iifeiime of a molIecule of NOt to photodinmociation at different altitudei from thenreticLI ")nviderations ,f
Hate, and Withrropow (1952).
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Table VII. Vertical Distribution of Atmospheric Nitrous Oxide

-- Author Date Place Height frne

Adel 1950 Arizona Lsrrely present in the tropo. Astron. J. 55, 0() (1950I). (enten,

Sphere Proc. R.-,. .el~erol. 'S4. (Lonk-
don),. 5. 8 (1950)

*Rates and Nicolet 1950 (Theoretical) Lack of data on verticaldistribu. J. Gnhs Research 55, 306
tion. Probably confined to (19503)

troptimphere
Slobod and Krogh 1950 Texas and Wyoming Grotand tar nor merely a thin J.Am.(hem.S&oc.7 2, 11 5 (195()

laver, diistributed throughout

the atmomphere
Wormell 1950 England 0.-curs in loweslt layers of the Centi. Priit. R&Y. A36"orid. Stic.

atmosiphere (L..ndon) . . 31) (19503)

-Gebbie and Others 3951 England Present at tiea level anti up'to Pro-. Boy, Stir. (Lootlon) A206,
4km 8('5----------

Rates 1952 (Theoretical) Prevalent in the tropitsphere A. 19qs t, 09 (952)

*Goldberg and %I ller 1953 Michigan lotwer levelit of theitmoliphere, J.OP 1,e~ 3, 10333 (1953)
not higher than 15 km

Goody and Walsshaw 3953 England Uniformly mixed uip to 10 kmi Quart. J. Rou. MIeteurol. Soc. 79,
and pro~bably -tokmi 496 (3953)

* ~acco)unt the refraction. Densities tip to 20 km were taken from "Physies in the Atmosphere" by Hlumphreys,

McGraw-Hill B1twtk Company, Inc.. New York (1910).

The quantity L, Litt the path length in the air ma., it. %as calclatd hn ~adL r h oa

amounts of absorbing gas in direction of the zenith angle. z. anti throgh the zenith. It was assumted that

the vertic~al dli-trilitation of nitrous oxitle is concentratedl in a lat er (if uniforrm densitv 5-kmi thick at altjtudetj

B5. 2.1. anti 50 kmn. anti that the N20) has the same vertical dlistribihon as the main hoili of the atmosphere.

E~mpirical cutrves- of wrou th for N2( oin the above assumptions as to vertical distrilintion' i #ow that the line

inten'jtjes for N~q ) observed at low solar altitmaies seemi delinitelv to rule ouit the concentration of N 20) in
la% er- at altitudes of 15 km or higher in the earth's atmnosphere. anti resides mostht in the 1!)wer levels of the

3 j atmosp)here.

2127 1200 NNO 21224 21245 -21267

21272

Gioirt .~vf D r. It,.3a-rt Ht. %tcrl.,th anid D~r. leo ..ilr. 'dM .th-flidlrt 0l,.rv atorv. I itiver-itv of Michigan.

Fig. 6. hI,.1and 4. N .( I at 2.13 u. Irm ft- c.,mrarinr if flit- intriiiii o f il-N the bad.ur warth'% atroi,-here (tellitric

opt-ctrum) avid a knsoon anminut if N:0 in a laloirat,,ry Q'iscrui. tlit- rtliival-nt albouttance tof N.0 il lto tearth' s atni,p 1 here

w.ai, de termined.
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1.4.4 Abundance of atmospheric nitrous oxide

The various4 values that have been obtained for the abundance of nitrous oxide in the earth's atmosphere

are listedI in thle folloiuing table. Thiese values uere obtained in most cases from infrared absorption

methods. F'or example. the abundance of atmospheric N2() was determined by McMath and Goldberg
(0Q4o)hy comparing the intensities of thle lines of thle 2.13 ju band in the solar spectrum with that produced

by a knoi~n amount of N20 fromt laboratory experiments. Thel( telluric absorption was found to be equiva.

lent to that ihich iouiti be prodluced b% 4 mmn of N 20 at NIT. W hile the values obtained by various
investigators vary~ from 3-10 atmo-nim (NT1P), it might be concluded that they are remarkably constant

considering the differences in elevation of the observing stations.

NNO BAND HEADS

BAND HEAD

BAND CENTER
21121

L BAND HEAD V,

BAND CENTER
22627

Coinrteav of Dr. Robert R. Mteiath and Dr. boo Goldberg. Meth-M ijbert Ohaerratory. t nver tt of Michigan.

Fig. 7. Laboratoryv infrared apeetriim of N20 in the 2 u .rectral region. TIhe two bandq lfwated at 2.13 A andi 2.26 p are
abworptiion band% which may be obee-rved in the solar Ppectruan.
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Table Vill. A litn.Iance o.f Nijroto .usi )je in the ,Atnu.-phere

Ablindance Rfruc
Author D~ate Place atinoinm N'TP

Adl199 Mihin Seealm Asirfpa. . 9027 94)

*Adel14 Arizona 3Phs.Rr.R.9 A(101o. So.

Sutheland 942 Egl(nd851)

ShawlSuberlad 19508 Engan P0P .Rv. l' .7 (13, (150

Mc'utath an tes 1950q Michigan 478ton . 65, 21940)

*Slobod andi Krogh 1950) Texas and Wyoming 5 X 10-1 percent by J. Am. Chem. Sue. 72, 1175 (1950)

1.5 NITRIC OXIDE AND) OTHER OXIDES OF NITROG;EN IN THlE ATMOSPHERE

1.5. 1 ANitric oxide (NO)
The dlefinite identilication of the presence of nitric oxide as a permanent constitlient or the earthi's

atmlosphiere has not tip to tile present time (1955) been estaluli,.hed lot direct observation. Fromi the analysis

of the -olar spoectra from Rocket flights on 10 Oc-tober 19WU anti 7 M1arch 1917. Dlurandl. Oberly anti Tousey

I')14) 1 of IN It 1, found thle structure between X.X 2204) A anti 2300 A could be caused by atmospheric band.$ of
* N4 ), ,.iflIP the sp~ectrumfl cotiuld not be interpreted in terms of known atomnic lines. Later (19531) jlohnson and

iother woorkers at IN ItL 1, ith tile aid of more intense exposuresA have ustinied thle existence of atmospheric

nitric oxide further. Fromn a densitometer tracing of tile solar spectrum antI the positions of the nitric oxide

band! heatd- it appeared that nitric oxide is not present in sufficient quantity in either the earthst or tile sun's

* atm(iophere to cause significant ab-orption in tis spectral region.

N1 igeotte and Neoen (.1912) also voere unable from infrared studies to find( the presence of atmospheric

* ~nitric oxide.. 'Phlev cionc'Iuulcd that no more than 0.02 em N TP of nitric oxide couild be p)resent in the earth's

atnio,1 there. [li. value sets a rather uipper limit for the abundance oo this oxide of nitrogen in the atmosphere.

h'r' un theioretical von-iulera tionl N icolet-(1915 deducedl that nitric -ox-ide sFhoulId -be -a nimportant- eon~

* ~stitlient in the higher altitudes of tihe atmosphere below thle tran-ition region where molecular oxygeni

di--osciated into atonmIc frogen . 'The f. sowing two prot'cscs were considered los,sible for the prodtuction

(of nitric o~idet in lit- tipper atio-p here. In a region whlere there art- stiafivient nmnlsers of atomic nitrogen

and o~vgen atom- the three bodly reaction may occur.

N + 0J + NI - NO + 'M

-cond!) jilt~--i bit mvv.-hlly-n fo r nitric ox it I produ lct io n is the 11111twlIi - .4ia ti o)1(f (lit riois oxide in to a toinie

II 'r ugell anti nitric o~xid.I

N 20 + hi- - No + N(1 IS)



In the table on pe'p. 18 the variomis statemnents in thle literatture with reference to tile presence of nitric

oxide in the atnto-phere are sommriarizaal. 'Vhie references to the theoretical possibilityv of atmosp)~;heric

nitric ox ide are abund i an t. andl tie re is much supor Iig evid etice in phiotochemijcalI andl piia toio~riiza tirn

proe~e~e for it,;exi.tt'fle. tiiil i ts imipoiirtanc~e in excit ationl phiIiienomea. the direct d~iscovery from observa.

tional data still remains a scientific goal, to ble achieved.

100

90

0

n(NOn perOCM

N2 nh. -N N )-4CS

10N 10 1 0 +0 10 10 10 +



Table IX. The Presence of Nitric Oxhide in the Atmosphere

Author D~ate Statement Reference

Kaplan 1939 NO bands present in lihzht of night sky but not obocrveil ature I1It, 152 (1939)
due to ozone absorption

Elvev. Swings anti 194 1 Presncer of the 0-Imanils of NO in the night sky' not .'lirtphys. 1.93.337(19fl)
Linke iacertained, nor has it been excluded

Elvev 1942 Both the 0-bands and the -y.bando may be present iii thte Rct. Mod. Myns. 1-1. 1410 (1942)
spectrum of the non-polar aurora

price 1942 NO may be present so an important atmospheric con. Reporsts Proig. Mlys. 9. 10 (1942-
stituent doe to phot tlissoiation of NIO anti reaction 43)
of N,0 with atomic oxygen and a third bodly

Nicolet 1945 NO an important constituent in the upper atmosphere Inst. Roev. Afeteerol.; Belgium
SMenoires 19. 12 t (1945)

Wooley 1946 NO may be a source of electrons in the F, layer Proc. Riev . Soc. (Lonmdon) A 187,
414 (19.16)

Bates andi Nlar-ey 194 NO may be found in tupper atmosphere by collision of Proc. Roov. Soc. (London) A 192,
atomic nitrogen with atomic .txygtn 1 (1947)

Nicolet 1948 NO and Ot characterize the at mospheric ranbe of the E Phys. Soc. (London) "Emission
layer, and aurora Spectra etc." (1948)

D~urandl, Oberly, and 19419 The NO band at X. 226-1 A in Rottket ultraviolet solar Astrophys. J. 109, 1-16 (1949)
Tousey spectra could be interpreted as atmospheric bands of

NO

Nicolet 1949 Reaction of IN + 0 - NO possoible in tite tipper atmott. J. (;eophys. Reseazrch 54, 373
phere (1949q)

Batett anti Nicolet 1950 Although amount of INO in the atmosphere unknown, J. (;isipivs. Research .55,306 (1950)
it is probably present tloe- to photodiitsria tion of N.-0

Bate,& anti Seaton 1950 Not unlikely that NO is an important constituent of the Proc. Phi'.. Soc. (IAondon) 63 B,
upp-r atmosphere 129 (1950)

Bate,. 1951 In the absence of evidence to the contrarv it seems best Proc. Ph1'5. Soc. (Londtrn) 64 B,
to assume that NO is a very minor constituent at all 805 (1591)
levels

.Mitra. A. P. 1951 A reference to Nicsolet who considered ionization of NO J.Gefphys.Research.56,37.1(1951)
at A 1300) A a process in the D layer formation

Rates 1952 If atomic nitrogen andi NO are constituents of the upper Ann. GeoPkYA. R. I ri,(1952)
atmosphere, then NO., should also eist

Nivolet and Mange 1952 The NO molecule is& an important constituent in the D Scientific Repo~rt No. 35, Penn
region State (1952)

Nligeotte and) Neven 1952 Unable to find atmospheric NO from infrared Atudie. Mo. Sue. Rnev. Sci., Liege 12.
No more than.0.02 cmtNTP present in the earth's 165 (19W2).......
atmosphere

Vegardl. Kvifte andi 1952 Olisrved the 3.band of NO in the 5,ectroim cof thf- Gctpfv.i. P1ti1. 18. No. 3 (195 1);
rTinierg aturora] luminescence at AX 5256. 41913, 4U13t, 3961, ibid. 18, No. 8 (1952)

andi 3880 A

Bvramn andi Others 1953 Lyman-alpiha observed at T7tkm in solar spectrum from Phi's. Rov. 91. 1278 (1953)
Rockets. Absorption of lIta radliation may ptrodutce
W~aver ionization

J~ohnstin and t)t herA 1933 Refe.rence madle to 1irev ii em report lby I)tranil and U. ,..ifit Merctittg. Attqtst (1953)
others of atrno~1ht,rii' NO. DoubitlIe haodtil of -NO at
2265 A andi 2150t A sttudied thoroughly. No evidence
for presence of NO in either the terrestrial or solar
atmosphere-
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TO We t. X 'I ill- Prroenct if Niver O)c ide ill thr A tnu p er,. (( Xn timird)

Author Date N;iateliee~et JReff-rencc

AMitra. A. P. 1953 Th'le beroad~ banld h, t el 22(m) and 2300) A might comle Siewifcn! Report No. 46, Penn
fr.'n, NO erusting in stiiii atmeospheere State (1953)

Nicolet 1053 F'ront dwoetival ce~nsideraiiores NO is possible tiit. Scientific Rlwe~rt No. 52, Penn
iiieeridiatt lieow r -.'ieo where 02 in eJisslxiaer ili.C ) 0 State (1953)

Wataealle and Others 1953 Alv~orpiione ross %ectiors -If 02i and NO and phlo~eieoni- Phi's. Rm,. 90, 155 (1953); ibid.
zation .of NO demimje0e. Snptiorto theory of NO 91, 436 (1953); ibcid. 91, 1155
itiolization iiechanisrid for the formation of the D (1953)
layer

Cq4ts fP.WlimA.Rne nvriyo olrdBudr ooao

Fig.6 00 9.ASetorn hewn0h00naj0ahi.1w5)e'r)rmwsotindb htgahngteSnssetu

Figr.oe 9. A -spectig-ran sh oeui itie.e o fie Theid (N(i) atror t w an obtla ie g by (1ot 16ra)pendg uott the.u'aetm

theory that ths- jilmupion iantien 4f Nt is a cIa sii ri eciankro~ue fo r the fo rmaint ion of the 1) layer.

-. . . , . .. . . . . .
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Courtesy of Dr. William A. Rense, University of Colorado, Boulder, Colorado.

Fig. 10. Lyman-alpha line (1216 A) greatly enlarged from first printing on the film of Fig. 9. Approximate magnification X 10.

1.5.2 Nitrogen dlioxvide (NO 2) in thae upper atmosphere

In discussing absorption spectra and absorption coefficients of atmospheric gas;e-, Price (1942-43) con-

siders nitroge!n dioxide, lie states that if much nitric oxide (NO) is present in time tipper atmosphere some

nitrogen dlioxide might be formed (luring time night. The absorption of radiation of wavelengths from 6000 A

to 3700 A and in thle shorter wavelengths by nitrogen dioxidIe would linmit the anioumnt of nitrogen dioxide

in the atmosphere (luring tile (Jay.

Bates (1952) also has studied the possibility for the existence of NO2 in the uipper atmosphere. If

aloii nitroven and nitric oxide are constituents of the uipper atmo)sphere, nitrogen dlioxide should also be

pre-went. Bates has sugges;ted time following mechanisms to account for tile formation of nitrogen dioxidIe

in thle uipper atmosphere.

(a) Direct combination.

N +0 2 + At- N 2 + M
N +0 3  - O+0

(hi) Oxidation of nitric oxide.

NO + 0 + 11 NO2 + NI

NO+ 0 3  -N02+2

It should lie reinarkeul tha t these reactions are inerely speciilai ive, ais in imli reqii v ic hsmie whl a -are ilv'kimg

to establpish positive evidence of thme occurrenev of NOI ini tit(- tipuper at mosphere.

Nivolet (19.53) hjas considleredi the plmulorlmemustry ouf niI ropii ulioiole ini the upjper atmo~spihere alo,v

wit h (a.) nitrous oxile and (b) nitrir oxiule vhirc generally are regarded it) be Ih lino-f imwujortmit of the ixie~s

of' nitrogen at hjigh levels andI ini ioos~pheric. phritorena. N ivolet stale i' tha mI.ii ro-wemw dioxid e is not con-

sidewredh an inmortant vorisfituent it) time nsqsihere (I. U. G. G. 41111-111"'hsimae'I ur 41.ia 11 Saiul ae 111c

rate' voeffivi'int (of dissociation is hioh. Nitrogeni dioxide pre~sses dhiiig- thme uIil hav Flot beel investi.

gat~ed, imouever several lahoratory Istuijes o)1 radiiatiive ir4mE4'SSI- immeicamt thalm 11miit-i ueu eioxille mmma% lie anl



iillpirtant utoftributiir to) thme t-wi timoums airgmiw uijwvtriumn. Tme Gollfmo~ing reactionst toere suggeated by
Nit-olet % bach might boe iimortant ume'ianipmims ill time night airgl4ot,.

N(4 i~+ (0 - No + 0"' (#-%viteol)
No + 0 - NO: + AmP (X < 3700)-4000 A)
NO + 03 - NO:*+ 0,

1.5.3. Thme rode of nitrogen axjdea (N '0ind O in Asning conditions

As earls, a-, 1923 Reyinold,, -Iiliet ile fearntatitin tof nitrogen dioieled anti ozo)ne during thundlerotormns
* over Lndon. England in order tii antm-er ilie-tioio a' to) %hlat chumical changes, ianare assiwiatetl with
* ~atini-hpherit' electrical ilistcmargeA. Later in 19130)Je mendml no)ted that nitrogen olioumile l*as es,,entially a

con~tittent od taon air. there iteitig, alinktit -ix times4 apt limuch nitrqoen di 0xide in the air over the City of3 - l.4mnd~n~on at, the amtint nmeastired at Utpmin-terr a-wuburari tistrit -------- - -

In view of time Preat intr?-t tif knimo ing the animitnts of tile toideIs o~f flatrt-!re in the atmosphere. several
quantitati% e nietmoubs hAve loven de% eltiottet fo~r tihe eleeuitation of the iixim, ' nitrogen in air. A sisnimary

r.. of variotis analy tival nit6 is give in Table x. in general most of the methodts are basically etlorimetrie
prootiures, and have sensitivities tof time order of oine'part per million, or less, by volume.

Table X. [Irtermjnatin tol'~.ao Nitrogen

*Atitor %Ith.I Senaitivity Referene

*Franri- antI Oxadatiui With Il24k Letoo thtan I ppm Analyst 50, 262 (1925)3Parpm.nPs (.,orimuirie
P'1inoI.Ii..t-nic acid

HEdar and No,~ ab-orloed, u- ilira grl at - 120'. SOP1. Lema than I ppm J.'C"me. '.xp. (1941) 519 52 7
Poanemh eqent CXidjtim With Ifj). I, cqlimrtric

2:4-svien.-iiil

Be"NO1 (a) Titrimetric by re.Igtitin to Nil,. I ppm 7. anfwg allpent. Ownvm. 2.50, 321-
(b) Ph'ot,)merivalliv to ,,Inr w.ith lli,,ay 34) (1943)

reagent (etullfanilic arid and alpha naph.
thyu lamine in acetic acid)

Cholak andi A Ptudv oifefficiency tuf differenit methtoda Seoeitivitirs corn. J. Ind. I vg. Toxin-el. 25, 35A
McNary, pared (1943)

Averell and Co-horimetric staridardA lhaed on 'imlfanilic 5 ppm Amid. Chm. 19, 1040 (1917)
Others acid and alpha~naphthIsla mine in acetic

:.Flagg and NO2 sbisortued tin Ailica gel 1-50 ppm J. Ind. flyg. Toxictol. M4, 370I.oene 4
A.lorimtrir Wsith diphtyn'amine (1948)

polerhacyv and NA. a.,lfanil,,- au-id :enul I -naphth'6aminr I ppm Gigirna i Sanit (1919) Noo. 11.
*Girina 26-9

The ftumes of nitrogen dioidme are frequently enctmntereul in many indwmt rial oloorations. In ronfined
C: places, stach as tjnderprumand uorking anti tnines. 4maI I tpiantities of~o *\n)iav seriously impair fime health

of thme iorker. As a re-til of tlmmmanmls of analytical te..ts mnade on a giail-i basi, time follo)wing correlation
* by Iatrs')n. Fischmer andi llanniing (1953) in the'air over 1,os, Angeles is signifirant:

V~u
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Wo. PVrhMW I4 ;ICWV 1ehl 271I"%rW. .1:

. I il~dity Intense Stu.g
(7 mile_)

ppm ppm
(..cr-ltrati~mo.f
(ktided of Nitrogen 0.08 0.4

.......... . ihle of oariou- i iirkeri suffer grath a. to the toxic evel-of Nt] vapo~rs, the value set by
h i leo waniw of %an ariou.., ^ortirn ifr gral pt h icl l-

l the American Standardls Awiiatj .A is 25 prm (parts lwr million). In the Los Angeles area the nitrogen

ia ide eilncentration reaches i alss, of (.4 plm %lih is considerably less to the extent that their phyiiologi-

Cal effect. r'an bw noticed. T"he oxiles of nitrogen are by.-pwlucts of the combluitltiion of 4)le i kinds of fuels,

particularly i% 45xiiIatjn of anlltsalia ,aste gasep frorm refineries which employ the regeneration of crac-king

catal% st,. ,ulfuric acid manufacturing plants, lpiekling prtwe.asw for stainless steel,. znd exhaus ' t fumes from .

..... Iautonlsidlep,. trucks and lus-es., all contribute as sources of the oxides of nitrogen to air pollution. Estimates

* show that from conbusti(n pro e se that nitrogen oxides are liberated at a rate of 2(X to 300 tons daily

into the L.os Angeles air.

-. ]laagen-Smit (lQ52) has made extensive investigations on photochemical reactions which occur during

smog conditiono. N% ith the aid of the mass spectrograph. llaagen-Smit and coworkers were able to show

that in the presence of oxides of nitrogen, functioning as catalysts, in the presence of sunlight a multitude
of intermediate organic peroxides and ozone were formed through photochemical oxidation of alcohols,

ahieldvehd,, ketoneo, acid," and hvdrocarbons such as are present in gasoline. A schematic diagram of rear-

tions in polluted air leading to smog Pymptoms is shown in Figure 11.

I

SULFUR DIOXIDE -SULFUR TRIOXIDE -AEROSOLS

e CROP
* 02 *HYDROCARBONS -PEROXIDES -DAMAGE

02 1 EYE
SNO S NU2 ALDEHYDES ---IRRITATION

2SNIHT ACIDSJ

: 0

RUBBER
OXIDANT CRACKING

-.

From A. J. Haagen-Smit (Ind. Eng. Chem. 44, 1342 (1952)).

Fir 11. Schematie pre entat...on nfrearirn, :n i hich the oxidem of nitrogen (,NO and NO) function as catalysts in the produc-
* ti)n of pllht..l air leading to Amog tympt.,m.

q "

. . . . . . . . . . .
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The photochemical dissociaion of nitrogenl diouide in the presence of sunlig t provide a continluous
source of atomic oxygen, %hile the regeneration of nitrogen dioxide by oxidation of the nitric oxide (-allos
the reaction to be continuotis. Illacet (1952) h~as postulated the following merbanisrn to account for tile
formation of atmospheric ozone from oxygen in the lower atmosphere.

NOa+Ay-NO +0
0 +02-0O,
NO +0, - N03
NO, + Ov - NOt + 0,

It is significant to note that the photochemical reactions whieh lead to the formation of ozone by the
catalytic action of nitrogen dioxide in the presence of sunlight and atmospheric pollutants are thils which
lead to the formation of complex intermediate compounds and peroxides which characterize tile odor, eye5 irritation, and oxidation, properties of smog effects. Thle oxides of nitrogen are, there fore, of immense impor.
tance in catalyzing the chain reaction* leading to the formation of the detrimental substances dluring smiog
conditions. Even traces of the oxides of nitrogen while not present in concentrations capable of produring

a. the syndrome observed dluring periods of intense smog are able to catalyze the formation of the noxious and
P toxic compounds present in smog.

rU

A.
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2.1 NI~Ti't S 'K\II) N,()

BAHHI. EA A %0N.li i1-..'t of llre',ure on tile Spfwvilie Absoorption of [nfrared Radiation by (Gases," Ann

Phi k 29. 4~t)~6 (191"V.

* liiThe auithor -IjI.', that Beer-s Law (ab-or;.tion independent of density) was foundl not to hold for Col.
* - lii~Ti. %s .. ls-vrer k lii .irrin. fin thid,. aeof C0)2 tbi. spec'ific ab'.'rptioen increases with density.

- 'es In oirdeir to te-t tis. eceptieon to Beer% L~aw time following gases were investigated: CO, Col, C2t1h,
C1114. N...) and N If,. It %sa* shousn bv Eiii Von Bahr that tme absorption of a gas increases if the

I total pres~ure is increawil bii inmitrul.ing a' foreign gas which is transparent in the wavelength which is

conisidleed.

* 1926

Li1iF$O .54.iiND W.. -Absorption Spectra of SAnne Gases~ and Vapors in the Schumann Region," Astrophys.

* 'iThis ms a stuzdy of the absorption in the Schumann region of a number'of gases. They include: oxygen,

*nitrogen, nitrous oxide, hydrogen chloride, ammonia, methane, and water vapor. The instrumentation

*consisted of a vacuum grating spectrograph with an absorption cell with fluorite windows built into the dis.

charge tubie. 'Ihe source of light wast the continuous spectrum of hydrogen in the region XX 2(0-1600 A

Iandi the secondary spectrum of hydrogen from XX 1600 to 1250 A.

The results obtained for oxygen. nitrogen, carbon monoxide, and carbon dioxide confirmed already

* exis.ting dlata of previous investigators. New data were obtained for the remaining gases.

In regard to N,() it is state(] that nitrous oxide shows no selective absorption in the Schumann region.

* Two continuous hands were ob~erved. The first extended from X 2000 to X1680 A, while the second wasl

from X 1550) beyond the range- of observation.

1927

iosin s. s., "The Decomposaition of Nitrous Oxide in the Silent Electric Discharge," Trans. Faraday Soc.
23, 227 (1927).

* tionA dleta iled description of the apparatus andi the preparation of nitrous oxide is given. The decomposi-
tinof nitrous oxide by the silt-tt electric diseharge was studied in the pressure range 11.0-82.0 cm fig

andi 6004-12,500 volts.

The decomrpof-ition goes to completion giving a mixture of nitrogen and oxygen. The nature of the

final p~roducts is independent of the pressure and potential employed. Nitrogen peroxide oi-curs as an

....................................................... ................. . . .. .. .. .. ..
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intermediate product or the. il'ottiposition. Tlie following mechanism was proposed for the formation
p of the nitrogen peroxidle (N02 ).

(a) Two simultaneous reactions (1) followed by (2).

f2'N,O - 2N() + N,(1
12N~r - 2N2 + 02

2N0 - 02- 2N0i: (2)

- (b) Three consecutive reactions (3),(4) and (5).

4N20 4N0 + 2N, (3)

2N0-.N, + O (4)

2N() 4- O2' 2N0 (5)

U 1928
-. MACDONALD, JAMES Y., "The Photochemnical Decomposition of Nitrous Oxide and Nitric Oxide," 1. Chem.

Soc. 1-14 (1928).

This it; an excellent study of the dlecomposition of both nitrous and nitric oxides in light of wavelength
from X 1860 A to X~ 1990 A. Nitric oxide wag less thoroughly studied than nitrous oxide.

Nitrous oxide was shown to decompose according to the following general stoichiometric equation.

4N20 --+ 2N0 + 02 + 3,N,(1

*The following mechanisms were suggested for the decomposition of nitrous oxide according to equation (1).

1N,O + hy -+Ni0* (activated) (2)

NO N,+ N20-01+ N2+2N (3)
2(N + NiO-NO + N) (4)

The quantum efficiency was found to be 3.9 0.2 and does not change appreciably with temperature
* between 00C and 40*C. nor with pres-ure lip to about one atmosphere. The absorption coefficient increased
* 1.47 : 0.05 time~s for a I0 0C rise in temperature.

I In regard to nitric oxide, it was considered to decompose in two ways as follows.

2N0 - N2 + 02 (5)
3N0 .- N 2 0 + N02 (6)

Reaction (5) constituted about 90 per cent of the whole. Two possible mechanisms were suggested
i for the decomposition. The author states that insufficient evidence was obtained to warrant a decision.

Beer's absorption law was shown to hold strictly for both nitrous and nitric oxides. However, nitrous
oxide absorbs light several times more strongly than nitric oxide.

Ten literature references are given to previous ,tudies by other investigators.

1929
JORuT. S. S., "The Decompos;ition of Nitrous Oxide~ in the Silent Discharge. Part IV. Influence of the

* Addition of Foreign G;ases." Trans. Farada-y Soc. 25, 137 (1929)

The effect of the addition of nitrogen andi oxvgen on the ratio N2 '02 was studied. An admixture of

- oxygen has a marked effect in increasing the ratio of nitrogen to oxygen in the final mixture.
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1931

PLYLIER, E. K- AND flARLER, F~ .. The Infrared Spectrum and the Molecular Configuration of N2()," PhYs.

Rev'. 38, 1827 (1931)

.. e.The observations repo~rtt..l in thia paper were upon the fundamental hands at 17.0g;. 7.78 g and .S u.

Rotational analysis is gi% n for the bands at 17.0 p. 7.78 ja and 8.6p which were resolved under high

dispersion.

* ~. DurrA ARUM K., "The Absorp ion Spectrum of Nitrous Oxide and the Hleat of Dissociation of Nitrogen,"
AProc. Roy. Soc. (L,adon). k138, 84 (1932).

* A brief summary of previ ous investigations on the .2bsorption spectrum of NIO is given. Leifson

i l (Astrophys. J., 63, 73 (1926)) was the first to study he absorption spectrum of NIO. Reference is also

madec to Wulf and Melvin (Ph '. Ret' 39, 180 (1932)) who observed that radiation of X 2300 A wavelength
photochemiclydsocae N 0( into No and N, and also observed that NI0 had no b)and spectrum.

.*,The author in the present:inves -tigation observed the absorption spectrum of N20 in the quartz region
-with a small #puartz Pipectrogralh. The light source was a hydrogen discharge tube with aluminum dle.21 trodesrun on a 2-kilowatt trans~former. 'No hand absorp~tion was observed for N20. Continuois, absorption

was obtained beginning at X4 276, 0 A corresponding to 104.0 kcal.

VOLNER. N., AND FROEHLICH. H., "Thermal Decomposition of Nitrous Oxide," Z. phrsik. C'hem. B 19, 85-88
(1932).

This is; a continuation of t.he authors' work reported in Z. physik. Chem. B 10, 4144$18 (1930). The
*temperature range was 625*-%800 C, anti the pressure be~tween 2 and 300 mm U1g.

VOLMER, N.. AND FROEHLICH, mi, 'Thermal Decomposition of Nitrous Oxide- Effect of Helium, Argon and
Oxygen," Z. physik. ChemJ B 19, 89-96 (19)32).

1 This is a continuation of the wsork of Volmer ir, which the unirmolecular character of the thermal dissocia-
Ition of nitrous oxide was confirmed. The temperature range of the present study was between 625*C and

670'C. and the initial pressu~rs of N2() were about 1-50 mm fig. .The probabilities of activation per
* collision are given.

WULF, OU',EFR R., AND MELVIN.'ELGENE H., "The Dissociation of N20) by Light, and the Electronic Levels
of 03. N20 and NO2 ,"- Ph~y . Rv. 39, 180 (1932).

This is an abstract of a paper read by the authors at the 17 3d regular meeting of the American Physical
Society, University of Chirago '27-28 November 1931. It is stated that nitrous oxide in long paths hpas
shown no absorption over the siectral region >4X 10,50()-2000) A.

The authors report that ab-orption of radliation at X4 2300 A was ohseri'ed. The absorption of this
radiation led to the appearance J, the y-hands of NO. This was taken as evidence that absorptioni of 1iis
radiation led to dissot-iation o N20 as follows.

N20 - NO + N
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HENttT, LOLIS "Absorption Spectrum of Nitrous Oxide and Energy of Dissociation of Nitrogen," Nature

134, 498 (1934).

The author states that owing to the importance of the determination of nitrogen it seems of interest
to report the d~issociation energy of 6.9 -4- 0.2 volts obtained by the study of the absorption spectrum of N2).

The mechanism of the photochemnic-il reaction is as follows.

N20(') NO ('11) + N (713) - 132,000 cal.

The photochemical decompos~ition was, studied by the radliations of a Powerful cadmium *park filtered
through layers of different concentrations of acetic acid.

UtrF'NER. G.. POIILWV'VN, Rt., AND) SCIW'MAC1IEH,. H1. j., "*Die Struktur des.Ozon.MolektJulsnd seine Banden -

im Ultrarot- (-The Structure of the Ozone Molecule and its Bands in the Infrared"), Z. Phys. 91,
372 (1934).

The 7.6 At band wshich previously hadI been attribated to ozone. 03, was shown to be due to N201 .

* HUNThFt, E., "The Thermal Decompos~ition of Nitrous Oxide at pressures up to 40 Atmospheres," Pioc. Roy.
Soc. (London) A 1441, 386 (1931 t).

In this study it was sho~sn that nitrous oxide uip to pressures of 410 atmospheres and at temperatures
* -.up to 900' C thermally decompos-es according to the following equations.

Ni20 N2 + 0 (1)
0+ 0 -0, (2)
0+ N 2 0 - N +0, (3)

The measured pressure increase will corrIespcmnd to the stoichiometric equation.

2N 2 0 - 2N, +0 . (4)

SEN cxPTA P. K., "Fluorescent Radiation from N 2 0,- Proc. Roy. Soc. (London) .A 116, 824 (1934).

The author states that experimental data so far collected indievate that unider the action of light quanta
of suitable wavelength. N 2 0 4issociateiA into a normal NO and N % hich may be in different excited metastable
states.

N20 + hej -NO + N(IS) _(1)

NO0 + hY2  NO + NO!)) (2)
N 2 0 + hv2 - NO + N( 2P) (3)

The energies corresponding to he1, hv., and he,, are given for absorption beginning at wavelengths
X. 2750 A. X 1850, and X 1580 .A. respectively. So far no evidence of the production of an excited No niolevule
as a result of light absorption has been obtained, according to the reaction,

NO0 + h P4 - No* + N (IS~4

An explanation is given to 4thow %hy absorption corresponding to mechjanism (4) is not obtained. The
calculated value for hP, is 223.4 kcal corresponding to the wavelength X 1290 A %ihich would lie almos4t at

the limit of the fluorite spectrograph.
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Experimiental details 'are given for obtaining evidenee for (fie follo-Aing pohottwheii'al inedianisin.

N20) + X 1290 -~ N( Ilb + NkS) (5)
NO (Jib6) - N( )(' lja (6)

SIEN lii I-A, P. K.. "The Absorption Spectitnm of N.0 in the $aliioianrn Region." Bull. Afrad. Sci.. United

Prot-inc' Aga Ondhi. Intdit, 3, 19)7 ('143P.

The Ppertral region studiedlall frot 13.30 A. to) 2200 A. The. instrumnentation was--a-]iutorite fHrrisin

qpeertograpah %ith a hm~di gen tube~ a- li gh 1 -ol ne. The gas uas contained in a vell of 104 centimieters lengthI

with fluorite wiuu, *The~ pres.iirp range was, from 0.5 to 20ci eni.

,N20 was found to ala-orb lighit at 'i w a,.elengthI of X~ 18-50.A. to transm*nit at about X 1700 A. anti again

to a b-orb light at X. 15.80 A. TIhe ablsoarptio n %as co n-ia ered to be dueo to the phutom heto vl d aecomipos5ition

of IN2() aecaordlltg toj thle filoaawig reactilon incaira nism.

N20) + hp,, -~ NI + NQ D)(I
N,() + hvl,, - NO + N(T~) (2)

SEN C.1 PTA, P. R.. "Absaorption Spiectra of NlolevuiilfN Z. pysik 88, 647-660) (1934).

F~rom a stllil of the s~hape of the F~ranck -Con doan curves the continuious absorption of N:() showsrein

of absorption -eparatedl 1), regions 4of I ran-mnission. Absorption occurs in the regions (of the following wave-

lengths: X 2,51) A. X 1850 A. andi X 15184) n.'ii. echanisms for dlissociationl are the same as given in former

papiers by tire auathoar.

VOLMUIt. W.. AND 11111-KE-. i.. "Tire lDeaornposition of Nitrous Oxide.~ 7. phvsik. (.Iim. 1125, 81-89 (1934).

This is anl werenion of Votnier's formier work on the thermal dlecompoasition of nitrous oxidle. In this
theoretical aliscui~n the efferts of. the dlecompoasition produtit on the course of thre reaction are taken into

considlera tion.

1935

111 'RY. tioris. 'Thotooehemical Decomposition of Nitrous Oxide andi Dissociati nEnergy of Nitrogen,"

(;fm pt. rend. 2(g), 6.56 (19:35).

It %as found that ab) Orption begins at a higher wavelength as the temp1erat;!rI e increases. At 20TC

absorption begin4 at Xs 22 t6 A. w4hile at 6735T it begins at X 26014 A.F

By plotting wavelength agar1.t temperature- anti extrapolating to zero degr Kelvin thre minimulm

enrgvrjqired4 to actve NW____i a1 to be 132 kea I.

Assoming that the dis..ociation of N.2 0 is according to the following mechanism.

N.-O(CM + 132 kcal N4 )(11) + N* (213)

the tdis-wiation energy of nitrogen. Dv.. %as- calculated to bie 158 krai.

SIR ';iFr, P. K., Plmotodai.4(wiatiaon of 'Nitrous Oxide." Nature 136. 513 (1933).

.A hripfo-arrnary i- ,i%#-n of pre,6iaoii4 work by Wiulf andal t-lin (PY5 Re. 39, 180 (1932), 1)utta (Proc.
Boy. .1;r. (I-Amanal .A 138. Ht1 1932)), andi the p~re~sent author. Seat (;iiita (Bull. Arand. Sri. U. P. 3, 197

(193 t)). Thle re.-ults she)w the ab!sorption of light b N-0) to take place according to the following mechanisms.
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N,( + hymo * NO (1*nHo.rna) + N( 4S) (1)

N1) +'hyvo- NO (2 Inorma) + N(ID) (2)
NO + hl'i -, NO (2 IInor) + N(2P) (3)

Reference is made to the remeasurement of the absorption spectrum of nitrous oxide at different tempera.

tures by Henry (Nature 134, 498 (1934)) who assumed the following process for dissociation of NO,

... .-- NO('Z) + hv,-*NO(2fl) + N( 2D) . (4)

This photochemical mechanism explained both the diamagnetism of N20 (giving a 1Z state, and also a value

of 6.9 4-0.2 volts for the heat of dissociation of N2). The present (1935) accepted value DV, is 7.34 volta
given by Herzberg and Sponer.

* - Sen Gupta gives reasons for doubting the photochemical dissociation mechanism of Henry in the quartz

region. Sen Gupta found that when N2O is irradiated by light having the short-wave limit at X 1200 A.

the $.bands of NO comes out in fluorescence. The 0-bands were accounted for as follows.

By absorption:
N2O + h - NO (2fl.,,) + N.,,," (5)'
N,O+ h, -* NO (1I1,.ote) + Nr (6)

By fluorescence:
NO (2II,.td) - NO ('InloI) (7)

The excitation energy of the 0-bands is 128.8 kcal, so that hY2 - ha-= 128.8 kcal. If by Henry's

explanation. hv] corresponds to 2140 A, hP2 would have a value of 262.4 kcal corresponding nearly to X 1090 A.

As a result light of wavelength greater than X 1090 should not be able to excite the 0-bands. Excitation can
be produced by X 1200 A. If ha = X 2750 A, then h, = X 1250 A.

- 1936

DUNCAN, A. B. F., "The Far Ultraviolet Absorption Spectrum of N1O," J. Chem. Phys. 4, 638 (1936).

In the research work reported in this paper the author states that the absorption spectrum of N2O

was reinvestigated from 2200 A down to 850 A, the limit of observation. No bands were found below 997 A.
I The spectra were photographed with a 120,000-line, 1-meter focus, glass grating used at normal inci-

dence. The light source was the Lyman continuum with hydrogen as the.conducting gas. In a few cases
purified helium was used. The pressure of the N2O was varied from 0.001 to 0.53 mm Hg. The spectro-

graph served as the absorbing column. Evidence from a Rydberg series indicated that the photoionization

of N2O is 12.66 ev.

1937

NOTES, W. ALBERT, JR., "Photochemical Studies. XXV. The Direct Photochemical Decomposition of

Nit-ous Oxide," J. Chem. Phys. 5, 807-812 (1937).

In this report the author has described his studies on the decomposition of P;trous oxide. An aluminum

spark in air was used as light source. The wavelength was greater than 1850 A corresponding to about

6.7 ev., however the absorption extended to about 2300 A, equivalent to about 5.4 ev. The experimental
details are described.
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The number of molecules of gas (uncondensed by the liquid air employed in the experiments) formed

per quantum absorbed by NO was determined. The study was made both with the presence and absence

of mercury vapor. The primary dissociation processes and subsequent reactions are given in part by the

following mechanism.

NO+hv "- N, +0 (1)

0 +0 --. , (2)

NO+h " -. NO+N (3)

N + NO -. NO + N, (4)

N20 + 0 - 2NO (5)

Additional reaction mechanisms are given, and speculations of the electronic states.

1938

ADEL, ARTHUR, AND LAMPLAND, C. 0., "A New Band in the Absorption Spectrum of the Earth's Atmosphere,"

Astrophys. J. 87, 198 (1938).

The major absorption bands in the spectrum of the earth's atmosphere are due to water vapor, carbon

dioxide and ozone constituents. The following table is the interpretation of the far.infrared telluric spectrum.

Band (a) Absorbing Moleeuies Band Deoinatioa

14.97 Coo
14.1 08
9.6 02
7.6 N1O1 -

6.3 H:O ",
4.7 00
4.3 COl
3.2. H,0 2n,

The band at 7.6 g in the spectrum of the atmosphere is announced in the present paper. This band can

not be traced to the spectra of water vapor, carbon dioxide or ozone. The spectrum of pure ozone in quan-

tities in excess of the amount in the ozonosphere does not give this band. Since the energy level diagram of

the COt is well known there is no transition at 7.6 st. The energy level diagram of water vapor similar to

that of carbon dioxide does not provide a suitable transition.

The new band at 7.6,j is attributed to a hitherto unrecognized atmospheric constituent. The molecule

NOs is found as a common impurity of ozone. The infrared spectrum of ozone nearly always shows a

strong band at 7.6 & which was considered to be a member of the ozone spectrum. In order to account for

the minute traces of N20 in the ozonosphere the following reactions are suggested and considered to be

reasonably expected.

N, + 0-2NO (1)

This reaction is knowu to occur by the action of electrical discharges or ultraviolet radiation upon mixtures

of nitrogen and oxygen.

In the presence of oxygen the following reaction results.

2NO + O-- 2NO (2)
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In the presence of ozone nitrogen dioxide yields nitrog.n pentoxide.

2NO + O,- NiO + 0 (3)

By comparing the intensity of absorption at 7.6 m in the solar prismatic spectrum with the intensity of

absorption from results obtained by ilettner, Pollmann and Schumacher (Z. Phys. 91, 372 (1934)), the

authors estimate there is one molecule of N20 for every hundred molecules of O present in the ozonosphere.

Small quantities of the following oxides of nitrogen, NO, NO, NO2 and N204, are to be expected in the

upper atmosphere as a result of the photochemistry of nitrogen-oxygen mixtures. However, none of these
have absorption bands at 7.6 p which favors the argument that the new band at 7.6 j is due to atmos-

pheric NtOs.

ADEL, AIrTHR, "Further Detail in the Rock Salt Prismatic Solar Spectrum," Astrophys. J. 88, 186 (1938).

In the spectral region from 7.2 u to 8.5 u with increased resolving power additional detail in the rock.

salt prismatic solar spectrum was disclosed in the vicinity of the diverging wall of the great water band v.

It is pointed out that these new bands may indicate the existence of additional oxides of nitrogen in
the atmosphere. The NtO molecule has two doublet bands with centers at 7.77 and 8.5,u, the 7.77 being

more than twice as intense. The latter observation was made by Plyler and Barker (Phys. Rev. 38, 1827
(1931)).

The author suggests that the R branch of the N26 band at 7.77 j and the N:O band at 7.6 ju combine
to form the telluric absorption with the center at 7.63 .

DUFFIEUX, P. MICHEL, "Oxid.s of Nitrogen in the Atmosphere," Bull. Soc. Sci., Bretagne 15, 228 (1938).

The author states that the lack of spectroscopic indications of the oxides of nitrogen in the upper
atmosphere is not conclusive evidence of their absence.

BENRIQUES, F. C., DUNCAN, A. B. F., AND NOYES, W. ALBERT, JR., "Photochemical Studies. XXVII. The
Effect of Radiation on Mixtures of Nitrogen Dioxide and Nitrous Oxide and its Relationship to the
-Photochemical Decomposition of Nitrous Oxide," J. Chem. Phys. 6, 518-522 (1938).

In this report upon the photochemical decomposition of nitrous oxide the authors conclude that two
primary processes are necessary to explain the direct photochemical decomposition of N 20.

N0 + h N, + 0(1)
N,O+hs-NO+ N (2)

Reaction (2) must be followed by reaction (3).

N + N20 NO + N, (3)

The latter reaction (3) is necessary to explain previously determined quantum yields. 'The authors state
that the energy of activation of reaction (3) is probably less than 10,000 cal.

The experimental method employed in the investigation is described in detail. Two light sources and
reaction vessels were used in order to determine possible separate effects due to IP and ID oxygen atoms.
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The light sources %ere (a) a General Electric type 11 3 mercury lamp, and (b) a cadmium spark operated

at 2 kva. 25,0(4) volts from which radiation between 2150 A and 2350 A was isolated by filters.

There is a comprehensive discussion of tile results obtained. Nine literature references are included

of previous investigations by other workers.

1939

ADEL. ARTHUR, "Atmospheric Absorption of Infrared Solar Radiation at the Lowell Observatory," Astrophys.

J. 89, 1 (1939).

This is the first of a series of papers by Add describing the degree of absorption by the earth's atmos-
phere of infrared raliations. In this paper the continuous absorption due to the pure rotation spectrum

of the Water-vapor molecule is considered. No data on the absorption spectrum of the oxides of nitrogen are

included.

ADEL. ARTHUR, "Note on the Atmospheric Otidlrs of Nitrogen." Astrophys. J. 90, 627 (1939).

Attention is called to Figure 1 in the paper which appears to indicate that the recently discovered

atmospheric bandl associated with the long wavelength of water vapor is produced by joint absorption

of nitrous oxide (N:()) and nitrogen pentuxide (N,06).

Two curves are shown in Figure 1. One was obtained from a relatively dry atmosphere with the sun as
sour.e and the atmosphere as the absorbing medium. The other curve was produced by radiation from a
Nernst glo~er, passing a layer of I cm of nitrous oxide at atmospheric pressure combined with the short air

path in the spectrometer.

The 7.77 t band of nitrous oxide appeared to match the atmospheric band. There is also a shallow
nitrous oxide band at 8.7 A matched by a weak atmospheric band. The short wavelength trough of the

atmospheric band at 7.77 ; somewhat displaced and broadened as compared with nitrous oxide absorption

at 7.77 ,. This suggested possible absorption by nitrogen pentoxide at 7.6 s.

The observations reported in the paper of the 7.77 A and 8.57 u bands indicate that there ia an NO

layer comparable to the ozone layer in the upper atmosphere which may be equivalent to several millimeters

at atmospheric pressure in extent.

1944)

ADP.. ARTHUR. AND LAMPLAND. C. C., "Atmospheric Absorption of Infrared Solar Radiation at the Lowell
Observatory. 11. The Spectral Interval: 5.8-8.0 u," Astrophys. J. 91, 1 (1940). -

This is the second of a series of papers of the absorption spectrum of the earth's atmosphere. The

spectral region considered is from 5.5 js to 8.0 A..

The principal features of this spectral range are (1) the great water-vapor band which possesses a long
base of zero transmission, and (2) the absorption bands due to the oxides of nitrogen, possibly nitrous oxide

(N2O) and nitrogen pentoxide (N2Os). This band of oxides of nitrogen is contained in the long-wavelength
or diverging wall of the water.vapor band.

Six graph, of solar intensity as a function of wavelength are shown. They are arranged to indicate the
progressive change corresponding to diminishing water-vapor content of the atmosphere within the spectral
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1941

AibI., ANTHI n. -The Grating Infrared Sular Si.ctrum. 11. Rotational Structure of the Nitrous Oxide

(N No) Hando riat 7.78 i,. Airtlhis-. J. 93, 50 (191).

The ilentification and existence of an atnoupheric laser of nitrous oxide was established by Add in
1P39. This sas accomplished by comparing the solar prismatic spectrum with the prismatic spectrum

of nitrous oxide.

In this note the grating solar spectrumr is compared with the grating spectrum of nitrousoxide. Figure 3

in the paper shows the negative branch of YJ N N h) as obtained by approximately I cm (NNO) at N.T.P.

Figure 2 in tie paler sho*s the grating solar spectrum.

Tlue comparion of the tw ' grating spectra ilentifies atrii, pheric nitrous oxide. The rotational strue.
ture of P, N Ni) mas be oberied in the complex background of the solar spectrum due to other cor-

npents of the attno-phere.

AtIFI.. ANTHI H. ,The Crating Infrared Solar Spectrum VI. The Map from 14 a to 7 s. Astrophys. J. 94,

451 (19fl).

Some 100 aborption lines are shown 'in the map. An extensive table of wavelengths and frequencies

are included for the spectral range 14,s to 7 it.

The long wavelength slope of the great.water band including the rotational fines of P, of N20 is contained

in Figures 34.36. In all 36 figures are included.

S.' '.14:1_" UITiH 1. 'E~iuialent rhicLness of the Atmospheric Nitrous Oxide Layer," Phys. Rn,. 59, 9,4 (1941).

In a paper read at the Washington Meeting of the American Physical Society .1-3 May 1941, the

author tate- that atmospheric nitrous oxide is presumably at a high level, and that it has a photochemical
~origin.

Its infrared absorption bands appear to remain of nearly uniform strength throughout the seasons.

The fine structure of the vi band of atmospheric nitrous oxide at 7.78 IA was studied by employing a 2400-line
echelette grating.

Bs comparing the atmospheric absorption with controlled experiments on the absorption of nitrous

oxide in the laboratory 3 mm of the gas (,NTP) has the same absorption in P, as the atmospheric layer.

Sin'e the infrared absorption of nitrous oxide is pressure sensitive this value is a lower limit. At the

reducel pressures in the upper atmosphere far more gas would be required to yield the same effect.

1942

.KJF. . ,)r. Tor:, 'rhe Infrared Absorption of Atmospheric Gases," Quart. J. Roy. Mfeteorol. Soc. 68, 204
(P2 .

l)iatomic molecules which possess no permanent dipole moment do not absorb infrared light. Thus

oxi gvn. nitrogen and hydrogen are transparent in the infrared. Triatomic and plyatomic molecules such
%-

-. . S' .

:::+:::
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aiHlO, COs,. O. and the various oxid e s of nitrogen show strong absorption bands in the spectral region from
lj, to 18p.

The oxides of nitrogen, N20. NO and NO 2, show great intensity of absorption as compared with 11,0.
* ',,Even small traces of CO, 03, and NsO in particular affect the absorption spectrum of the atmosphere.

SUTHERLAND, C. 3. a. M., "Detection of Small Traces of Non-Rare Gases in the Atmosphere by Infrared
Spectra," Quart. J. Roy.1 eteorol. Soc. 8, 213 (1942).

S- "This paper contains the conclusions from the survey of the data on the absorption of infrared radiation
by gases in the atmosphere, other than water vapor. The absorption spectrum of the atmosphere exhibits
25 bands between 0.7 j, and 14.0 ju. Most of these are satisfactorily accounted for by the presence of 11,0,
C02 and 03. The author states that the quantitative aspect of these absorptions are onlypartially under-
stood beeause accurate laboratory measurements of the requisite absorption coefficients are lacking.

With reference to NiO there is good evidence that nitrous oxide is responsible for the absorption super.
*- imposed on the water vapor absorption between 7 is and 8 ;&. Sutherland states that Ade's suggestion that

at least part of this absorption was due to NIO, is not substantiated by Adel's more recent work.

The possibility of the existence of the following gases and their detection through their infrared absorp.
tions were considered: CII,.' Ctl,. CH,. C3118, CIlO, itS, NO,, NO,. IICN, CN,, Nils.

From laboratory data on the absorption coefficients, there is indication that the amounts of the order
- of one centimeter atmosphere of most gases could be present and would have escaped detection in the

infrared because of lack of resolving power employed between 2 p and 7 i, and partly because the key
absorption bands are overlaid by intensely strong bands of 11,0 and CO,.

WILDT. RiPERT, "The Geochemistry of the Atmosphere and the Constitution of the Terrestrial Planets,"
. Rev. Mod. Phys. 14, 151 (1942).
*i' This paper is a discussion of the geochemistry of the following terrestrial planets: Venus, Mars, Mercury,

and the Moon. Since the atmosphere of the earth, due to absorption by Os. is opaque to radiation shorter
.. than about 2900 A, the characteristic absorption spectra of nitrogen and the noble gases are hidden from
the observer.

*' A brief reference is made to Adel's discovery (Astrophys. J. 90, 626 (1939); 93, 506, 509 (1941); 94, 375,
379, 449 and 451 (1941)) of N20 in the earth's atmosphere as the result of a painstaking analysis of the
infrared solar spectrum.

I'

1943
- BAMFORD, C. H., "Photochemical Processes in an Oxygen.Nitroge n Atmosphere," Reports Prog. Phys. 9,
*' 75 (1942-1943).

* sNitrous Oxide (N20) has two regions of continuous absorption. One is in the 2200 A to 1700 A region,
. and the other begins at 1580 A and extends far down into the ultraviolet. It is pointed out that the earliest
*. photochemical studies of nitrous oxide wjs that of Macdonald (1928), who employed light of XX 1990-1860 A.

The nitrous oxide was observed to lecompose into nitrogen, oxygen and nitric oxide. The quantum effi-
ciency of decomposition was 3.9 (molecules N,O per quantum).

ha
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Noyeo (1937) studied thle following pro-essoes.

N,() + hso N, + 0(',1 11. or IS) (I)
NI() + h s - N 0 + N (IS or I2D, (2)

Procetss (1) may be followedl bN

0 + N 20 - 2N0 (3)
0 + N,0 - Ns +0(h (4)

0 + 0+ MI -. 0, + M (5) -

The following reaction,, may be expec~ted to follow reAcetion (2).

N + NIO ) NO + N: (6)

N + N + M - N, + NI (7)

STile general conclusion is that prIocss (2) iseeins probable, but its occurrence is not regarded as definitely

* . proved.

PHICE, w. c., "Absorption Spectra and Abs'.wption Coefficients of Atmospheric G;ases,' Reports Prog. Phys.

9, 10 (1942-191)

rhis is a report on the electronic 4pectra and coeffivient. of the atmo~pheric gases. In a previous report

by Cha pman and Price (R#epo4rt,,g I'rog. Ph, 3,1 55 (1930)) thle dlata on the more common constituents of

the atmosphere %.ere reviei~el. In tile present report the spectra of thle oxidles of nitrogen are considered

in detail because of the recent identification of N20 andi Ni( ) bands in the infrared Fraunhofer spes-trumi by

Adel 09~39).

A 4urvey of the following gages, is given: Nt. 0p2, Ct),. JIS).vapor. 1f:!02. O 01 and the oxides of nitrogen

N7,4. No,) NI k. N20.),. N,. N00Y. 112,. NIL. saturated hydrocarbons, formaldchi de, and sulfur diboxide.

* ~ Vilrnus Oxitt'. N20.

Av'~corrilFlg to Sutherland nitrous oxide may be present in the atmosphere to tile amount equivalent

* to a thirkneoi of 1 em of the ga'.s at S. T. P'. Exceedingly long path lengths and relatively high pressures

are require(] to detect absorption in nitrous oxide at %savrength-. greater than 2000) A. D~ue to this trans.

* parvt-c nhtrolis4 oxide is cn~idlreia to be relatively stable photot-henaically. This high transparency is

ap-Isiatedl %ith its clo-ed--hell electronic structure.

A* brief -urvey of ab..4orpitivn mneasuirements of nitrous oxidle fro~m X.X 3065 A to 13510 A is given. It is

sfatrd that direct photochemiral woprk on nitrous oxide eIiows the presence of NO. 02 and NO, among the

* products of photodissoriation.

Nitric Oxido', NO.

Since nitric oxide. NO, is formed from N-0) by photod i -soci ation and by reaction of N20 molecules

with oxygen atomst in the presence of a third bodly it may be an important constituent of the atmos~phere..-

The ftnation of No fromn Nt k by the follm, ing equation is con-idered likely because of high light

intenmitics during the (lay and low pres,ures.

NO, - NO + 0
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* ~A brief our%,-% of the alii.)rptiiin spectra of No) is given. This includes the invet igation, of LiAfso)f

(1926). Foyanti J ohuiion (1433 * a nil L~an irev( 2b

iNaroaen IDiaitide, Nf .

* . I~~~he abhirptitin of ilitraien oiouui frmi WOO() A to shorter aeagts was shown by Curry and
Ilerzberg (1433). Reference is also nadei t) the %iirL of Iharrip-, king, Blenedict and Pearge (1910). to
Price anal Sntpumn (19W1. anti DI)on 1Q12 ;. Thee tie-termnina tions would sein tam limit the amount of
nitrogen diouid pre-ent in t he uaoi~er attoiphere dluring the day to less than 0.1 mmr. I'hotoalisotwiation

- - into nitric oxide waitlal reduce this aluantit% to a .ery low value.

The author states that if aiuch nitric o~iale is present in the upper atmosphere somne nitrogen dioxide
might he (twrned ohiring thme night. Thi, %ouilal he shown bv lFratnhaofer absorption (hiring tile brief interval
of sunrise, or ira thle pentruni (of the rmon. Sinve the formation of nitrogen dioxide frorn nitric oxide and
oxgen atomsi is a teria'Iecuhar reaction, the reaction would he very slow at low pressures. Thus a con-
siderable amount of nitric oxide might yield ionlN a very small quantity of nitrogen dioxide.

* - Nitrogen Pentnxjdo, N20&1
A.'The work of Jones anal Wulf 01937) is mentioned. These inves4tigators give absorption roefficienta for

nitrogen pentoiale. lho),ever, the absence of discrete bands would prevent their values to he used to set
a limit on the quantity of Nit)A that mright be present in the atmosphere.

Vitrogen Trinoxide, N03.

F'rom absorption coeficient measuaremaents by Sprenger (1931) the limit of the amount of this gas
*in the atmo~lljre would be contiderably jess than an equivalent thickness of 0.1 mm at S. T. P.

* SUTHERLAND. G. B. B. M.. ANt) CALLENDAR. G. i.. rThe Infrared Spectra of Atmospheric Gasies other than
Watr apo,"R'parts P IP/ .9,1 (19412-1943).

* The generally accepted interpretation of atmo,;pheric absorption in the infrared is shown in Figure I
in tf.e papter. It is noticed that below 7 all absorptions with the exception of the electronic 02 band at
(1.76 ij are due to 11. Ct 4. anti f 3 At '7.6 M and 7.8 p there are two weak bands attributed to N206 and

0respectively.

The definition of abs~orptiopn as given. In the equation for Lamnbert.Beer'ts Law

'A I_ ek~d~J_-Aq -- -

~.where IA is the intenslity of the transmrittedl radiation between Xu and X + SX.

IN the intensity of the incident radiation between X and X +- 6X. c is the concentration, i.e. number of
ab-sorbirg, molecules per unit path length.

* I the path length of the radiation in the absorbing gas.

q the path length in centimeters which would contain the samr number of molecules if the gas were at S. T. P.

Chapmnan propos ed the namne atmo-centimjeter asA the unit for this quantity.

q%
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Nitrous Oxide and Nitrogen Pentaxide.

Reference is made to the work of Adel anti Lamnpland (1938) who showed that the two weak bands at
* " 7.6 P and 7.8 g were due to the presence of appreciable quantities of N2()1 and N20 respectively in the

atmophere. Later Adel (1939) considered the,e l)ands as a doublet due primarily to N,t). but having the

% shorter wave maximum intensified by tile presence of N2O,. Further evidence for the presence of N1t in
the atmosphere was the discovery of an additional weak absorption band at 8.6 i which was assigned to NAO.
Employing a grating spectrometer Ade (194!) announced.the identification of the individual rotation lines
of NO in the spectrum of the atmosphere at 7.7 g.

Sutherland and Callendar in the priesent paper found a value of 0.8 for the absorption coefficient, k
of the 7.8 A band of N2O. From this thev estimated that there were 0.8 atmo-cm of NlO in the atmosphere.

__ Taking this value with the computed figure for k, (0.3) of the N:O band at 8.6 u, the latter band was inferred
* to have an average absorption intensity of 20 per cent. The uncertainties in these values seem too great

to draw any conclusion.

" The cape of NO is also considered. In the eummary it is stated that there is fairly good evidence
for a few millimeters of N30 in the atmosphere and very weak evidence for a few tenths of a millimeter of

1944

B'UTCHI., G. EVELYN, "Nitrogen in the Biochemistry of the Atmosphere," Am. Scientist 32, 178 (1944).

This paper is an extensive summary of the quantitative estimate of the rate at which nitrogen undergoes
certain phases of its cyclical geochemical migration into and out of the atmosphere. The following table
is included on the estimated distributed nitrogen in the earth.

In primary lithosphere -- 37,000 gm per cm3
In atmosphere "75 gm per cmt

In sediments 87 gm per cm2

The sources of combined nitrogen in rain and snow are:

(a) From soil and the ocean

(b) From fixation of atmospheric nitrogen

1. Electrically

2. Photocheraically
-.. 3. In the trail of meteorites

(c) From industrial contamination

The following topics are discussed in the paper

*'(1) Biological fixation of nitrogen

(2) Bacterial regulation of the composition of the atmosphere

(3) Speculations on the evolution of the nitrogen cycle

S ' . . . . . . -. • . °- . . . . . .. .



39

KRIEGEL. MONROE W., "Analysis for Hydrocarbons in the Presence of Nitrous Oxide," Geopfrvs. 9, 447 (19,14).

This paper describes the technique for the analysis of soil air for small quantities of hydrocarbons.

There are reasons for believing that nitrous oxide exists in soil air.
The boiling point of nitrous oxide places it in the light hydrocarbon fraction. The reasons for believing

that nitrous oxide is a conttituent of soil air are given. A table of boiling points of gases at one atmosphere

after Hodgmnan and Hllmhes. "llandbook of Chemistry and Physics," 26th edl., Cleveland, Ohio, The Chem-
ical Rubber Publisk.,iIg Co. (1942) is included. Nitrous oxide has a boiling point of -89.5*C at 760 mm

Hg pressure.

The dissociation of nitrous oxide in the silent discharge at pressures above 10 em Ifg was4 investigated

by Joshi (Trans. Faradav So(. 23. 227 (1927); ibid. 25, 137 (1929)). The dissociation was found by Jo#4hi

to be according to the following reactions.

* 2N 2 0-.XN,+ 02(1
~2N20-.2NO +N2 (2)

A lusbe2N0-.. N2+ 0 (3).
Apasbesource of nitrous oxide in soil air is suggested as the slow decomposition of commercial

fertilizers, especi'ally in farming regions. The element nitrogen is present in the form of ammonium salts,
nitrites or nitrates in fertile soils. Pure nitrous oxide is prepared by the gentle heating of ammonium nitrate.

N114NO3 --+ N20 + 21420 (4)

* Studies nf decomposition of vegetation under aerobic -conditions show that nitrous oxide forms a large
portion of the condensed gas fraction.

Details are given for the analysis of hydrocarbon gases in the presence of nitrous oxide. The method
* . seemed to be satisfactory at the Laboratories of the Carter Oil Company, Tulsa, Oklahoma:

19-45

* DRINER, E., AND KARBASST, Hi.. -The Photolysis of Compressed Nitrous Oxide," felv. Chem. Adta. 2a, 1204
(1945).

This paper is a study of the decomposition of nitrous oxide by the action of ultravio!et light (h1g-vapor

lamp). At 30*C the decomposition of nitrous oxide is according to the following reaction:
4Ni0 = 2N0 + 02 + 3N2 = 2NO2 + 3N2

By employing suitable filters it was found that only radiations -if X < 2200 A are active. Reference is
made to the previous study on the photochemical decomposition of nitrous and nitric oxides by Macdonald

* ~~(J. Chem. Soc., pp. 1-14 (1928)) who employed wavelengths; 1860 to 19,90 A. - - - - - --

JOSHI, q. S., AND DE-SIIMKKH, C,. s., "Interaction of Nitrous Oxide and Hydrogen in the Silent Discharge."
Nature 15.5, 483 (1045).

* This is a study of the effect4 of pressure, applied potential, and the N 20'112 ratio on the following

reaction.
N20 + 112 -s Ni + 1120

The authors state that marked tracesA of ozone are observed in the decomposition of nitrous oxide by

* silent discharge. Oxygen and water vapor were also obseived.



~iI* . LuIC1t it. . 1al'a--ililf. Soairae ofl %Ititaa.phiit, Ni I. Iroort . IfIi (,t vl~

I tlit-e llra-oii t wI~r W-1.' refe't r. It, tie- 4-\i-t if III oila- 4 I\iplv in flt- eart l-' atiiiltit. lli, it-

ewlali-liel IIIth flitaltltior , 1939 andip 111 1 lN Owp osli-t-r~ali&taoil' aai t al,arlotiitm ladl at 7.77 tu ill ft- molar

I'll# origin ill' Iiii oip ilte inIi t-e atI mo-livtro, it t itI tine tof Ite papa-r (V1.6) 6~ otill in ilaiahit. It. lore-*.

--------- --- iiin- i ii pe ita I til- I.iii vre i mot rvas il vk htio b.%a e Ih lilt phi pta.ei.i-try 4of the a.ir.

lleiterentie i- miade too thoi oii-.me-r% Ia'. kre ,.v. (Gveafojd'.. 9. I 1', 1-I4)) in Whicllh lit- .4iggetiela i lt- 44)w

- ~ ~ ~ ~ ~~~~tt cii .tjo -iIpln i mi t -lllrciart joi-tiie4r- a- a it 114ia.-ailllmrve oif at ipo- 1,ieriv nitrotl i. AIlaa thle alera
all o.igi'tataiin iimier-l iern,io cailtitmn-Aa- foaaing to% kritege it o i ih a gas w4ith i rtolertWievry 4mhlilar 140

Aol.*i raiw.- tilw qute-t im that if' it i mlu trise that sold nrain rnrIe,4 . tt~i ir iit i

(lie, -a arve a nd I raai tilt -l i a l im ate (if tilt atimoan'-;h rit' nit raNi to4 \pfl ayer.

lDIt.. AHM Iit. A l'P,-jlle Smurre of Wtio.p;ahtric N2( ).- 'Svience 1013. 280 (1916).

lit a lttvr too tlit- c-olitar %414-1 refer- too lii- tm'ii ai64o'verl- ( 1939) anal 14)11) of tilt #-xi.teflee (of flitrionl, xilat

it) tlit, t~artli- atiaaea-pliera. 'Iliki %.a.. e-tialali-lktel Iley the *Iiw4eVrl anad anaivsi4 on an aIlpsa)rpti4on bpand

- ~~at 7.77 us in t lie -Elar ,n'rin

A lhe atitlir vall- atto-titlii Ito plt- e~aifilatiiii 4)f (ili air b%~ KriegAe (Genjphi-oc. 9. 1t- ( 14)II). K riegelI

aaillt tllivitiprp Itoa tu lact thatl 4leiiitiila IlitrllP'a in flt-e fiorm ipif ampiniiial- nit'rites andl nitrattes i.

P la.r-v~l ii tll ' -oil.. %l-.a that taimptiia Ih4 fr Il llrl-ldratilli i 1 ientsgilnleW Ow' tl i m ipti4j-
ti-m ad a\ NII. N11- amlitttita fitil r.t it- fit acctPrprilie top tilt- loip4 na re-altitait:

Nlh .-- No-4- 21120 -

plelra.iolsiilf. that iiilreat- llja inpl atir siight re-ilt fraiii tit 4.liw demllenlotion Oaf eltinlreial

flrtill.'ar-. mid iil-, .' too flit-dc pl atttppitiii taf %a .,plaitiotit linidt-r aerlJoic ctalilitilans %ere vtmlrl-erepl 1a' Krif-meh

I.. %rittit. vmlprati r-atii '
1

tlrvl lli -tIji i rtra of thet Na4mm anal VarthI .

Ini thpi- l-ttpr Ito dit #ditlir flit i' lo aijtiaar that a ftanlaimpnttai ;mtp inthependet-iltloliod atf dviiprti-
jilz fti- laimitrartirp .IO 4a /ww a~.#r li.aavn aplitl it mlailtl t ilratrf.I littiiPtm -;attra Plf tip.- ltlll.

II, ivarthi. iti Ow at rna-lohlrPiv ls/rah%. J . 1113. IllI i) 1016.

It - -tat,)d that the. nIatItoal1 i- a wp~~iv an iitj- ;tpgalolel,' .- llitlloi a' ,,ll toa tit, -IN IAY alt lI

Iii trilaaatii l it, -l/wiv la'.Por %ta-,a flial ip le I I_( (220' K\ tiar tlit, e'.eriirtg af~ Stlitllr P)t 11

,traai'2 -- 5f 2tI foor 3 \aa'.eaipipr 11)l1.

4A



P %%I Et-. Ai.. "I :ri I ioa I Sit r% iI it -qt 1440 I laei "'Ie Iioi l ~ iX rk I I IIo) t o P- lIIt i-jlt -rie.- Irrewor. Mag. A:,fil ).. -1#w. 52,

371) W'V)17.

P~ ~ ~ ~o li. kil ii - ,Iiwiu-rti. ITenitat'~tiari at hoightlii upj it) 2.10 kill art' gioeri.

Th~e authottr -Itvo' il'at I laLti'-1 tlaiirvi4 l aud ji. 1 racival ri-till- hiawi -hitioi [iifit re-ntlieofmoleihculiar

iiitriige'. uiiivlutlar 41%% geo. almoii ox~. --wo. %o al to' al iir au iii Ii.~ iie' Icft'renvet it ina, h to tilt- litera tutre

e-talohioiin ilt- pr;'.;'no.tifthe1-1 qnltin",~~~~4l. ~tttoio

r 'Irate. 4i Nitrioa-u~ i. 4 d .%iolivtiuiitl jtIriie Ntinfliranationii Nitjro N ite in Air Irradhiatedl by
I Itrai iohit I iht . tgjtotrg. (.Itti. 25:3. 297 (19417)

lIn thais jw Ntt thatil ii or- Ie-i'ri 144 tbhiIr methoil f ior thle a naly sis tOf nit rotio oxid~e. TI e gas sam ple is

lia..t'i thtrouigh ptdiutiaa jio riigalloli too retuiove oxgen. It is then passedl over glowing platinum to decom.

lose~t an nit rousi oideil. 'ITe o'%% gen produacedti de~~tect~ed colorinetrically with pyrogallate test paper.
Thei ell-iti% it% is 0.02.1 pi'r ivnt I)% %oIlut'e of NJ ). Tile mnethotd may he made more sensitiv~e by concentrat-

ig thei N2( b frt'i', out beow - 1 02' C.

ton trace tif N21 I voa.- obitainedt It.~ pa--ing air ovter a qulartz mercury lamp. This is in direct contratlic-
tinto tilt claims o~f Ke~tnt'r (in. Wncf~hsrher. 2. 1875 (1923)).

* l~~%$iITTINCt; Al. G.. *Laartnent-t Iet'iojwitittn of Nitrous oi de.- V\ature 159, 232 (19,17).

TIhe paarpo)-e of tilte Ao rk iic-crilit't in tlai- plxir is to rteport ttltservatio..n onl tile niture o~f thet hl on's-

-, t'i'~vnt'e at'toiflpan in g the dei'iotn j~it i it of nit rtu ot idet at to,111ieratures artound 900' C. A flow mntthiiI.

was empthiot't in the expt'rimt'nt. N it riu xid i vi as Ias-'i co n ti nuousily throutgh an elet'trii'ally heatedl

* tlquartz tgut' 3 Y 20 cmt. A tqiartz voiioltoot was at otint end of thei tube.

j ~~~~The spet'truim %oas reirmle'i us ith a I lger meiumn quartz spet'trost'ope. A tcontinuumfl exti'niin from

the .-i~ible tit thte iaitra~ iolett %%ith a inammiuar ntt'n-itv in tilt' ellttowgrt'tn was fountd. With Itatg expjsures

usia k em i-,io n btand I- st a[ttriinpo;it oi tit- toriti tiiau t'rt' vib-ervt't andi ftnd to be idua to ni tro~gen lo-rttxideIc

Thec primana ry ti-4tiia ti' ii is ini atit n Iautte us ith the ft .1 Itiing reaction:

N2() - N2 + (I

vTI a fin at it in t(if nitrn'i.v ti ii' from t't f,'co po iit it n tof nit rtu ita uitt is con sit lired tto he' tia to thle

N20~ - N + No) (2)

At t t'rn pera tuares (if frmu ()()WC1 to hDOWC Fthe re i, tili- po i--iility tf lie follo win g primry, n ii-o'ia lt in.

1918~
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at tbe Ohio State University. N!igrotte mapped and recorded the spectral regions from 2.8 gs to 5.1 is and
from 7 js to 11.7 ;A. The grating had] rulings of "7200 and 3600 lines per inch respectively.

Ile new Polar spectrogramP showed bands of N20 at 3.9,u, 4.5 o~ andi 8.6 m. These observations may 1
taken *. confirming the work of Adel and of Sutherland who prteviottsl had identified these bands in the
solar spectrum. The present work may be co)nsidered am dlefinite proof of the existence of atmospheric N10.

SHAW. J. H., SUTHERLAND, G. 3. B. M.. AND WORM~ELL. T. W., Nitrous Oxide in the Earth's Atmosphere,"

AMvs Rev. 74, 978 (1948).

A series of solar Ppectra in the infrared region from 2.5 jA to 5.0 u was observed at the Solar Physics
Observatory, Cambridge. England. The authors employcd a spectrometer with a lithium' fluoride prism

and a huiger-Schwartz thernmocouple as detect or. Tme evidence of the presence of nitrous oxide in the atmos-
phere above the Observatory % as established. H.ands at 3.90 M. 4.06y,. andi 4.50 p in the Polar spectrum
agree in wavelength with known absorptions of nitrous oxide. They agree in position, in-relative intensity,_
and with bands obtained in the laboratory using an absorption cell filled with nitroust oxide with a Nernst
filament as lig~it source.

The 4.5 A NO doublet is a very intense band but is partially masked by the CO2 band at 4.3 JA. The
authors were unable to establish the bandg at 7.8,u andi 8.6 Ai on which Adel (1939) based his- first announce-
ment of atmospheric nitrous oxide. *'The region about 7.8,u is masked by the edge of the great 6.3ju water
vapor band when the obervation is; made at a low altitude station.

The authors conclude that their present work may be considered to confirm that of Adel in the identifi-
cation of nitrous oxide in the atmosphere. The amount present in England is 1.0 atmo-em which is of the
same order as in America. It is suggested that it is reasonably certain that the presence of nitrous oxide in
the upper atmosphere is a world-%ide phenomenon. Its vertical distribution should be determined. It

- -. may be important in the. atmosphere's radiative equilibrium if the maximum concentration occurs in the
upper atmosphere.

TAYLOR, Rt. C., BROIA N, R. A., YOUNG, W. S., AND HEAD! NCTON, C. E., "The Mass Spectrometer in Organic Chem-
ical Analysis," Anal. Chem. 20, 396 (1948).

The utility of the mass spectrometer in the analysis of a number of gaseous mixtures is pointed ouL
The analysmis of gas samples as small as 10-1 ml is discussed. The relative inte~nsity of principal peaks in mass
spectra of so~me oxy.genated c~ompounds is given in Table 1 of the paper. The following values are given
for Njt)._____________________

ni/e Nitrousf'ud _______

14 13.8
16 6.24
28 13.8
29 0.28
30 35.9
31 0M2

44 100.0
45 0.73
.46 0.22

Sen~jtivjty of 100%" peak (div.I/microni) 13.6
Senajzivjtv of n-butane at rn/e 58 4.08
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ADE-L. ArVER, -Atmospheri," Nitrous Oxide,' .. stron. J. 51., 123 (191).

'l'hii is a brief note reporting that the oI.ervations of the absorption and emission of atnospheric
nitrmits oxide are being analyzel for the temperature of the gas. rte note acknowledges the confirmation

of tle author's (1939 0 ) discovery of atmiospherie nitrous oxides by Sutherland and his co-workers at

j Cambridge University, England. -

Adel also calls attention to his sugge.tion (1946) that nitrous oxide escaping from soil air might consti.
tute a possible source of nitrous oxide in time upper atmosphere.

CLFMO, G. R.. AND SwAN., r. A.. "The Nitrogen C*cle in Nature," .Nazture 16t, 811 (1949).

On 2 September 19t9 at a Meeting of the British Assowiation in Newcastle Section B (Chemistry) a
discussion was held on 'The Nitrogen Cycle in Nature." Professor A. 1. Virtanen gave an account of the
%ork which he had been carrying out at llelkinki in collaboration with other investigators.

Anaerobic nitrogen fixation proceeds most likely via reduction. In aerobic nitrogen fixation a primary
oxidation of nitrogen is postulated. The' two schemes are illustrated as follows:

Anaerobic Aerobic
N, N,

•Nil =NHl 2N

Nil=- Nil 2N

Nil 3  NO

T
Nl1II 1 (NOM2

The authors state that these two different routes while not attractive, at present, seem unavoidable.
All the results obtained so fir imply that all nitrogen sources produce chiefly ammonium nitrate prior
to amino-acid synthesis.

NO- N2

NO2 N2O
£ /"

(NOII), NIIS201 1 NI 4+ o -am'ino acid

MCMATH. ROBERT R., "Earth's Atmo~phere," .4stron. J. 54, 214 (1949).

This is a brief report on the re-earch work at the NTcMath-Ilulbert Observatory. Mention is made
of the study of the line intensities in the near infrared telluric bands of N2O.

A preliminary analysis of the 2.13 p band of N20 yields a value of 4 mm at N. T. P. for the abundance
of atmospheric N,0.

High-resolution studies of N2) bands from 2 A to 3.6 u have been investigated.
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,Aith li ithe nioraordhir. Thit figitr m- ,4-il .hiit the rtgiei le-t-net 2.9) m antI 3.1 P. Thie authoors state

that hii. rvgi-ifi i- Ittiiiiatii It.in wivdp--tif thai t%,o watiri blandi- v. teuitlrell at X. 26.025 aiwl P', at 27,381.
Near X 01t.(1011 uelalari- ititli'.idwal line, tl~itgaiag tote (I 10, eatat of N21 )are- ro. 1 lirtetI in thle paper.



MIORRIS, KELSO) B., AND DI)41SON, E~THEL~ M., "lDetermination of Nitrousm )xide." Ana. Chem. 21, 757 (19419).

Thims is a report oif time determination of nitrous4 oxide in tile produc44 of certain oxidation studies under

an Ofice of Naval Research contract.

Tlhere are t~~o well-known mnethods, (a') slo~w co mbustion. andi (1) c'ataly tic reduiction for determining

anti obtaining data on nitrotis oxide and nitrous oxide-nitrogen iethod 1.Te following chemical equation

represents the reaction in both methods:

NO( + I1I, --- Nt + 1120

The total contraction is eipial to thle volume of nitrous oxide.

Reference is madle to Kobhe andi %lacI~onald (Ind. Eng. ('hem. 'inn Ed. 13, 457 (1941))who employed

a silica gel catalyst containing 0.125 per cent of platinum. le nitrous 4oxide was reducedi over thle catalysts

at 515* C by a limited excess 4if h ulrogen.

Tile authors usedl a spec4 13irrlliiuild.-up ga-s analysis init man ifactured by tile Blurrell Technical

Supply Company. PIttsburgh P~nsylvania. Thle provedlure and restaltk fbt ehdsaedsusd

NtCOLET, N., "Tile Problem of the Ionosphere Region," J. Geoph vs. Re 4 ,rrh 'It, 373 (19419).

The-effects of the ultraviolet radiation from the sun o)n 03O, Na~ ITS )vapor. N,, N20, anti Ile are
described.

ROMAND. JACQUES. AN D WAYF.NCE, JANINE, '.Tile Absorption Spectumim of Nitrouis Oxide in the Schumann

Rlegion." ('oipt. rend. 228, 9098 (1949q).

This is a report of an inve~tigation o)f the absorption spectrum of .(O in the Scimmann region. The

spectral region studied was from,2150 A to 139t A at 18'C anti at ipresstirel fromn 7.5 to 525 mimn JIg. Absorp-

tion was found to be independentoof the pressumre within these pressulres. kXsrpt~on maxima were observed

at X 1840 A andi X 1450 A. There was no evidence of photochemical dnis ociation (N-) + hi'- NO + N)

even after long irradiation.

- 1950)

AI)EL. ARTHUR. "Temperature of the Atmo~apheric Nitrous Oxide Layer,"1 -Lstaron. J. 55, 69 (1950)

The enmi~ivitv andi radiation inten-itv of the atmosplheric nitrous.- oxidle laver was. measliredl at 7.8 A.

The effective radiation tem~perature ranging from 0" andl l0'C were found.

Thips evidence taken with tie distriution of rotational intensities dil~layeul by the atmospheric nitrous

oxide bands suiggest that time N,0) la~ er is largely present in thle troposphere.

ADYeI.. ARTIfl. "'rihe Emiw-ion Spertra of thle EFarth'!, Smrfare. tile Tro p0ohre, andi time Lower Stratosphere,"

(?entien. Pror. floy. lerr'z. .Stw., lot) 5 -8 ( 1910).

Tme following table of 1 xolvatmmnic con-titiients of thet earth's atino-ilhmere is given. Their ahumninance

is conmparatlively minute but important:

..........................................
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G'InlwundAmpt,nt

Water vai (1 o( 4)) Firno m Mto it r M Iw thal 544 nUn

Carbo)n tDi,,idr(e ) 3 mr N. T. 1P.
t)Ilr (( 1,) .3 mmin N. T. P.
Nitroi 4 hoide (N 20) 5 mrm N. 1'. P1.
Me.thane ((:I(,) I em N. 'r. P.
Heavy water (111)) 1O' of water vapor

fEffeetive radiation teniperatures Oif the atitiosiohere mpay be 4Itileeil from observationsa described in

the palper. pros 1114e1 there is a-. ailale also1 a -Adar or lunar spoectrumt 4mho~ing in abm~irptitin the bands pre.

viousi v revord eil in em is-io n. In t he tein pera t ire redluct i.o o4 f the Iat1.4it is a~sin-4 that t he tiI4)lt4,14. is

present in in isothermlal la~er. Thi4 is stated 14? lot largely an unknown valuae for nitrous oxi4Ie.

-Assuming an isothermal laver one may take the rinissivity of nitrojtas oxie at a loarticular wavelength
to be equal to the ah~orptivitv as given by the ab.Orption spoectruin. The mehdfor 4'alculating the

radiation tempoeratures 4)f N10 andI 03 it, given.

The effective radiation teruperature for nitronus oxidle was found to lie between 00C andI 10'C in con.

trast to about -46'OC, the leiw 4ltojIret.mp4'ratures. Thi4 ternperatnre range for N?0 coupleil with
the well EleveIIopeil dtitribiition of rotational intens~ities in the atmosApheric absorption bands, indicates that

the nitrous; oxide most likely resides4 in the troposophere.

RATES. D). R.. AND NICOLFT. W., "Oxides of Ni trogen.' 1. Geopkvs. Research 55, 306 (1950).

This paper is a -tufdv of the photoehernistry of atmospheric water vapor. In the section of absorption

4cross--ections the different atmo-phleriv gases are 'von-idered separately. With reference to the oxides of

nitrogen the authors state that while the amnount is nnknown, nitric Ioxiile (NO) is present in the atmosphere

since it i5 a tlis.PuciatioeI productt of nitrous4 oxide (N*10 ).

Nitrous oxide, is; stated to) be certainly one of the constituents of the atmosphere. It is probably more

abuindant than ozone. Nitrousa oxidle has an ionization continuum beginning at about 1300 A where 0
is transiparent. NO) determination of the associated cross-section was made.

While absorption cross-sections for N20 are not known with precision, laboratory measurements suggest,

the following values:

At 2900) A. 5 X 10-1- cm'

At 190) A. 5 X 10w' cm 2

At-t45O.A. I X 10-11 em'

There is lack of data oit tie '.ertiodl oli~tribuitiori of N20. It iA prohahlv confined mainly to compara-

tively low altjtumles.

HENEY( H. Wv.. STRONG. JOHN. AND BENE.DICT. W. S., 'Prouere~s Relport on nrie Solar Spectrum from 3.3 m

to -4.2 a.' () N R ( ut ract 5 \.pri. 166, Ta-k ( trier V, John4 I hopkins; University. I August 1954).

A pori-.ra ting, spectrograph with a coNiheul lead telluariple detector was employedl in obltaining the solar

spertrum in the region 3.3 ju to t.2 It.
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Is h eim2412a *, .~~,~.~III tie 1o gl oi, er fusani. I Ii-he%rr. tlse ;wincijpal

featlar.r i- a wct.,rtmie I l N. )P %i-e.i, c,mgr' I. at 114.t ..In ' Sonme TO lit#,. are th-ingiii-htb.. il

til hiand. , lic~t I1,1114 of N.() At $-I.1.5cm ,1. thi.lt .1mjpc0ar a% proinnit he-vaism of the fatt-off in

lte ril vlo 1I Iii. r41 .oa-i at Ihve 14oW_'rV~a eA~lVIsglhi'.

% I Its- .c~eral h-an f tidrc- in till. regionio K. 1 . IIIP 14. 4:11, inl N?4I) are %%'ti-ed il reference to

N .tile 2 1A hoiv At 2.0ol i n - . clear% rre..td. 'I'll, I'.hranch sa 104- foilto~etl to , ' 2. whle tile

It .toranch I- noit rvc-o..t calmovej -.1 :.

iThe nt is.'r- rt- Icr to, it I rore- Ithu. et on ,s h.o rj it o K' toet-tro uiif t Iit# I. er at ni, -plwre fromn 2.5,u

to I'll m. 4tatd I 11~ta~hc N-;il. Jlosa- h.;ii I niiier-ilo . Iiaring tilt-*#- iniov-tigaaon,4 a 10O-ineh Army
Van..'., MCC 1-d.rltAgi&I 14 t..

1  a.li.' intr.ored, -. rcc. lot/,i ali palithIviiglt. of .aI...ut 141m) ft. t) 9(m) ft.

airo..a tilt John~. 11-Loji. va.ifilmi. w re vifi., coI lit tlie'- -tii.Iae-, kI.o.ritaioi dlii'to 14 NA witio nt deitei'tei

Isft I o. u;.. qi iNi~.te~~~t.. 4\tr.t. (boode in 4 Ca-eosa.. %1 ~t ires,'" likroc/n',,de t'ur. Alikrivhirn.

Act 33. 1113 151) 111111)

Atirset I. giooen otis ht rt...rt. of oaromi- ihurker.. fiffiaolta. ins Ole nue of .'apiilaro bsiareta, and the

Pwrilf Iiiri blt.~~l end0cootill te'TdIS thi. w i~ I i ii oo ser% -nall .;stillc dir ofsnle.thletilc gaea II. containl fitrotli

4 wto isleI. The' [pril .n a gir *le'-crilve. Iis .ela i I lie io n -trui I.'i and I *iserat io onif a Pwecial I liirrt. 'rhe inr.
itrintat readitng rr, f ir mraia.4rvlien t .4 f 'i-(rdeIr oil' 11.115i X. I Ilse otia l frai't ion of 01.10041) inch ja; equi va.

lenrt too 11,1) X. It i- jw.t.abie tit nta-edr 24, ill, an avetirac fI:211)

The. ie tli- i %Je si~.b.i I.Otlei ri's Ii l in f th ii iou. s- oiu i n an eea of ptiri lie. I Iiun gen at tle

5 t*irfav' -of a lhot f1.4~tifillsn 'Air. IW. %atur thu-pii Ioiuil Ii tite reac-tion i- U11.,,rhelt by' a drling Agent,

* . , - ~lte cialor in vioimi r-jprv-ent- *iir-c.I lite 4ltiite (if flitriom. .t

lot

'rthe or.'eon'er (oif nit rist- oii i r th le .art ih% atnoo- plere i av l i r-t id-e'rveil friom Aoect riw oi ad ev'iilne

tof thle s'1 fiindti. il n'n . at T.8 11 i %di' ( I93'. L~ater tile Jsr.'-cli.' of a Itinl.pieric N*\ )4 % a.. aioiIi rinei IbY

ol-e% Alton oif addiltional Iwndsh ai I~ ~ 1.5, m and 8.b m It% %Itigci.tte ( 11)to)) ; anid by% Shaw, Su.therlandI anot

P1 ~ inrtI v l v 1 1~ thr, fia.I r.e i i I iuitt, If 1),11 a t I I I a. t.1 I aruld 1.5 A.

-- j'iurdstr~r~fti.iI~.,4 f~iidi~~~.ii~..'e ni i feji ~ 24l n~t3.4 1 1er' (i'.nd t lo Mat 1 anm

11011i'r PtI) at Ihe -IisIMitli-tftlI..rt andl limoint A u-un I l,-ervat.rio-. Front~ lalukrat 0 r ' eprimteflta

11% her and Ha.rker 19 Il , had~. I~v i-.1 ,i.-r% ,.I lire 4 i~te latter bans1.. 2 P2 '- P, at 3.0 )u. The fourth

- .haond I- riotr.,etl, Arak andIi I. oate't at 2. 1v ( a. It A a- 4,h-r~oIi ti n a travinig obltainedl Withi the si oti
* ~~~ai..,%. thle tiwir,i at tuer Mmoit U il-on ' t-r t~~.Iil,. idtitilivati-in .4 thi. foirth band uap. etahili-hetl

*~ ~ ~ ~~%t hl,I a hiib rci.,,Iitu tna.'ng ii-arig .dlainiin it-It u-witainin!1, 21) cmn of \?4I )at atmoiiii ric 1,re-ure.

'The alkun't.nce 4.f od~u.-i~'td a(Ihi ofot.rnmitiv-t b%~ MIe~ath anid Glor-09 ~ iirbs r

It-w nti-n-mt.- oif the# tar,.- .o the# 2.1.1 ;A haisl. in thlt -olar -joe.-trun toith, that loitrne It% a knoiti aniotnt
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of Nn() in thle lAborAlorv. Tile. telluri4 abisorptio~n was found. to be eq'uivalent too that which would ber pro.

duted by 4 min (if NOt at N. T. P.

EItZEAG. ;ERH IAND, A ND HERtZBERG8, L.. llotatin-.Vibratinn SpeCtrA Of Dia tOlit' ic ad Sifunlde iPOlyatO~nnuc
Moleculeot with Iong Ab,,orbing Pathsa. V1. The Spectrum Of Nitronus Oxide INJ)~ beow 1.2 ,s,"

* J. Chnem. Pnvs. 38, 1551 (1950).

Tiis is a dietailed reponrt of the phontographnic infrared abstorption tspectrurn Of N,0 from laboratory
*studies. Long aboorbing path lengthA were uped kip to .4500) in atmoit. Tile~ vibratioinal and rotational

7..'. analya are given.

MN ATH. ROBE~RT ft.. PIENCE, A. LEITH. M4OHLER. ORtREN C., G.OLDBERG, LEM, AMt) 1iMNOvAN, ht'S%EL A.,'

"N20) Bands in the So4lar Spectrunm,"P ' Vi. Rev'. 78, 65 (1935W).

Credit is given to Adel (1939) for first dietecting nitrouls oxide in tile earth*s atinn-dert. through olibserva.--

tions of thle bvl fundamental at 7.8 A. (Pbsrvations of other N2(0 hands at 3.9,u. 4. 1 m and 8.6 jA we're subse.

qtnently made b) Migetutte (1940) and by Shaw. Sutherland and Wormell (19W8.

It is Atated that the laboratory (observation of Nl r and Barker (1931) suggested additional weaker
bands ofd N2() might appear in tile solar spectrum. The bands predicted at 2 ft + i's at 2.97 U, 2 Its at 2.26 IA.

antl, 2 P, + rs at 2.13 p~ have iii been found in the solar spectrum.

.. *.: Comparison (If teliuric andi laboratory intensities indicates the abundance of N20) in the earth's atmoa.

phere to be eq~uivalent to thAt in a layer 41min thick at N. Tr. P.

MII.EOTE. MARCEL V., '.Fne Structure Of N20) Hands in tile Infrared S"lar Spectrum." .4strnph vs. 1. 112,

136 (19504).
An excellent summary of tine work on tine presence of N20) in the earth's atmnotphere is given. The

following table summarizes this review:

Obse.rver Date Referprnce Obotervation

0Adel 1938 Aatrophvs. J. 88, 186 (1938): Annou ,need preoence of NsO in eartli'm atmospherte to
ibid. 90. 627 (1939). eildin the band at 7.6 A4 region of prismatic solar

spectrum.

Adel 1939 A srnphvs. J. 90, 627 (1939). Observed additional band 8.6 1& attributed to N,O.

Adel 1941 Awrop Wv,. J. 93, 509 (1941). Identified individual rotational lines of NtO in atmoo.

04 pherie spectrum at 7.7 ot.

Sutherland and 1943 Repir. Prvo8 . Phvs. 9, 18 Evidence for presence of N10, while strong. was not
Callendar (93.entirely conclusive.

Adel 1941 Astaphys. J. 94.4151 (1941). High reisolut ion stolar spertrogramoo did not %how fine
structure of N60 band at 8.6 os.

Migeotte 1948 .Astron. J. 54, 45 (1918). Stated that prestence of atmoa.;,heric N~() was con.

firmed. Fine structure of N2t0 bands at 8.6, 4.5

and 3.9ju ,hown-----

Shaw. Sutherland1 19ta Pkyi. Rv.. 74, 978 (19M8). In.Iependertly found bantds of N,() at 4.5, 4.06 and
3.9 pw on so~lar sPlectrum, lithiunn fluoride prison.

lotMath 1049 A stron. 1. 54, 21 S (9 9). Fine struturr due to N21) between 2 atud 3.6 JA.



In tile prmeet lialawr its %I. igrtotte. tile reamiltoa of oai..ers atmims. illadi ii tihe 8.(1 jand 1.5) it regziaal af time

mAmar .1*wmtrain Are' gisri.Th lime in..mm ingm .jam~itrara i l al. e-l ii tile .tmil i m. aie'.rmiael.

F'iguare I in tilt- pap;er gin. . tihe loop .trmaumare tof tihe -ar .Jwa'troitolai ne-Iii jummeal ie~.ci 8I.1d A, iad 8.81. AA.
Figumre 2l ..imaa% tile -miAr -iam'mtrll la't mweeln 1. lsa &I and L.ot) At. 4 arre-famanalmim4g tabIi- 411'. 'A14-leiljtm it)nh-

re.mam are madloled.

Pit I 41111 141%- 111 -. 4.* V1 1i Il1"ki'%. 111. RIflT. 1Im ifmrareal S~pectrum of N " N "I I andl tile ira' ConmAtanto;
of Nitrqoti. I Kude.* J. (Chem. Ph.sin. 18. tO1 041k) 1050).

lihe inor-tmtatirni t [the infrarrml pecatrurn maf in imoatmapaa maaljhcatioaafl a tilt nmmletille. N~ 16N'1 4), (if
fltrou.. oxide i. reramrteol. flhe tmm rvoan. aleal it Iam'an. of aalatainrm g am aalahtiaaam auttmam fraam vhaa'i tile
Interac'tion mmmnptanmtfJj if] tile lotntiai flianatjon

U 'couild line aletertninedl ieai-r a rmeam. Ia~r %m.m li 'a~jmt~gtie(rn '~~ t Ite.f 1, 88*

f=,-11.3'9, anat i 1.36 X VPl ol~ne- em11. re-ltwa'tively.

The-e * alue. arec m'oflijtaet itiltlo time ei'rmnic aconuigigrdti-M fl Nit)I that tile -trmatmre iii a reramnant'c

himda rrminaating iaetsieen time t~a (princ.ipaal) .trimeturm'a.

:N ~ 4-z 1 anl N N -- 0:

"uIf t. J. ff.. D% Hmli.%. W. 1... 1)n au1 M N H. M., 'Tine Strucatmure. t N.( I near 1.X6 OA in time Solar Simetriuan.*"
Ph. I~Av, Hr~. 711. to), (1450),

In a letter tom thle emlitmar time atithmel. annmmanme their in~e~tigmtiano; af thle molar 4wtrmnm in tile rmegiom

A,. .4 to 1.2 u. It pr-n.grating -Iam-atroaammtrr t tile 1ina l t- i e~miwie % itla a 7211 line- itr inch etimelette
repalica gratinmg. anal a 1'erkin.HlneIr I .%vIt im er -ea'manl immvaampeallie .. em Wam umi.

'Tie a ln ti fiatin iafaa the 1.(4 Ia Kina I Imal i re%1 a m i-1i Imen reaaartmml bi Sima%. . Siherlanal anal Waarnmeil
I Ph... k0 .. N1. 478 ( IS 1). In time pre-ent ..aark reptorto'aI in thii letter aver 7) rmtatanm line* in this LM)6j
band weare aai,-r~eai. 'Jieaaarmia a ie. raag.tln. %a, nomt mnmarr thman 1it)jref

StLOW4D. R. L.. 4 '.N 1 X w~m;Tj. W. E.. __ N irIana )%I, It- a. a ( ;am-ta tmmaI'ln t adf te% ~t maYpiinre." J. , Im. Chem. Stic. T2.

* - In tit, paper the authors hasp i.-lataal anal a,- a re-ait c'amirnneil time we..ena'e oft nmtr,aa.4 aalmle a.4 a
Cmttntof the at"pam rm it'm.mul aa -epauratoml fraan time more vaoatile ga-. in time atinaa4-

phere by a 1,ij ofea fraactiaonal alitilatmrm. Viter tii wmiparataaan tie amtrinis oaifde was jaientjli.-al by the u*#e

of tile ma- -pa'ctriametaer.

Time re-gilt. fomr ten jtanpjh- o *ai r frami ..j. limation. jne'Imituw fiv e from rrxa!- anti amne fronn Wyomming
are zi. en in tfire ra-Fmrt. Tihe ajaparatmit- anal inimmc mmm art- adr.criiwa-l anal iljma'mm.-ea in aletail. In time failaawino
tabale eof the conacientratioan aof time maore rare r'aim-itntmtt in tilet- fa~a~C nitrmam aanjale i- inm'iumeol.

aapmilsw.nt Pa~emm ts 1*.ima in Dr %it'ar

Na ain alm 11i.114118

kr' ;atan 4ma0aam mmlml



Nitrouc. ocude %*am foundsi to bie present to) Owk extenlt of OJ1.0441 04W)141 pervent by volume. Th1w

a. ali 11*4"l4I44, Ijer .-t-fI,.%h icicane (ir time nitrtcuA isiie contmntn was kia..cel *apsn the reslts ofs thlt analyvsg
of t-n -apv of air.

It i- 1eu-cite- ouit that frout aic..crlctain daita thle ailitout of atruopjillric nitrous oidei '*A rs eIiinateei

% to) Ileetijlil .lit lfA 1Aa.er of gam. wseral inulianieterm thick at N. T. 1. It is interesting too note that a laver
p focur iji111lliittersc thick eiwte-poinfliIto rtartims thke i-oncentratiomf of 0.M41h piercent fecuni by the authotr

iIlse jite-ent lpaper. A. valise obtained b'. %lhAW. Suth~erland and T orinell (Pkvx. Rer. 74. 978 (19Ml)

- - tcla..ee on adi..erpctiein dicta from solar Ivei-tra is, 4iith in Cecis of that obtained by SUMIdt and Krgh
Silver thve nitrouc. ootide %ba; actualls ipslatell front griminhl satplep of air suggests that it io ot petn

nierel' it. ac thin laii r in the ulajeer atmosphere but is distribluted throughout ther atmosphere.

U NicH'.MFI I_. T. %so.. -Nitrous Oile in the E~arthsP Atnaocphere.- (enten. Prow. Rev. Mewe"ro. Sow. ([Aondacn)

In the elues-'mwich followedl the osompseiui n RmFadliation and itis E~ffect onl the Irropoophere lond

V leItmer ".traisp-phere. Aiorrmell alludes, to Ael'os pioneer work in the infrared solar sepectrum in eistablishing

-1 til:!P eidIence ftior Ithe exi-.rntee of nitrous, o'tiie in thle earth'c a tmosphere. An iniestigation at Cambridge.

Vng(.lanIt.% hiMiaw. Sutherlandi anti 'urmnell (reported in Ph -vs. Rev. 74. 978 (1948)) showed that it Was11
* jmjcc-i iel vorking near swa level too iib~irie either of the band" at 7.8 gi and 8.6 Ad found by Adel.

The biand at -.. m was lt b% the water band centered at 6.3 As. while the 8.6 is band (a weak band) was
- .. * ~cocealedl hv' other 4~ruacturm. in the rpectrum. Ilccwrer. usting a prism of lithium fluorwide Shaw. Sutherland

and Ao.rnwi woere alie to itlentifv three shorter wav.elength bandst in the Polar sp1ec-trum at 3.9 AS. 4.06 is
11141l t..cW u ittri'etati a. bvine iliac to n. .tria ox.'ide. Trhi. establihed that nitrousi Ostide lot a wides4pread and

ndcrleca o-wi-tilisent oif the atnai-phere. The total amocunt (of nitroos oxdle in the atmicsphere is of the same

orcler as- the totial amount Elf o)zoneI.

A rejecirt sander the auqpiceso of the Admiralty Atmospheric Transmission in the 1 -14 micron region
A. . I.. R. t e jh~ i'JIl 1) inidicated that radliatiocn whichl traversed a horizontal path of two milrs near

U ~ Wi .ea lel -hoed the nitros oxidle ban iso at 3.9 ps and 4.3 M with considerable intensitv. This observation

- ~~coihlirtned Adel ccrneleasicdfl friom the *estimate 4)f mean temperature that most of the NO4, unlike axoccne'

-otrinthe Iotoe-t lacer'. of the toper

1951

ADVir. %RTIII R. % tmc,=jclcriv Nitricus Oxide ani the Nitroigen (Nec." Science 113. 6:3 (1,61
A cifn~.iew o 4%li' cl , irv of nitricus oidee in the earth-s atmospherre is, given. The amount of

nitrecu- oxidie ;cre-ent is comparable with that (of atmosphrric ozonefl. about 3 mm N. T. P. Rleference is

maide to lte iicsr of Kriegel fV11 that nitrous oxide is #,ne (if the mto-t abundant confltituent'. of soil

* * air, citi.cll..ndIs dr z.-i,.tiicn (1916! that e.--apingr 4oil air might well beo the prinicipal source euf atmospheric

flitroiu. oice.

'Ihll# poi--. iv te jere-enit note ic to nmai7.e the several lin"' (of evidence to Ailowrt the early

III jitfie-i. off theiii nf (of nitrica- oxidle, that it, laer i, acjai'int- to the earth'.4 surface. arnd that atmoo.

phei- nit ri. -cii s, anl important phase in the nitrogen.



(a) T'he effeciie raolim ion terniteraturv of atno-pherie nitrottio oxide iA abouit I00 C. r1hit ileif-inted

- front oll-er--it ion.. of the a tiE Jh-re.4 infrared ettiit4)fl EPietrinn.

(11) A Brnti-li klnirilti group foundl frot inifraredl atriooo1 daeric tra itmititoion that large concentrations

of nhtn''ta. oaioile %ere jre-ent in air piatiM parallel aniit loooe to the surface of the land and Etea.

(c) Sotlar o#pectra recordled alioaril high-lb rnig aircraft reiealed a greatly diminished ab54)rition by

nitrous, oxide in lte 7.8 u rtgion.

(411 A recent mnaoo .1tectrogrip;hic analisi4 by Sloitod and Kxroph (1. Am. Chtem. Soc. 72, 1175 (1950)

showied that the conentration of nitrous oxide in the atmnoophere near ground level its about 5 X 10-6

percent by volumie.

Adel vonvliole. that it apliart, lenhlkely that nitrotis oxiole evicapes frontf the oil into) the atmosphere,

and hatthi, e~ol vo~tiule an nortant phaw. of the nitrogen cycle. It is pointed out for the first

time It% .Ale eii owiitrotgen vatlredl front the atnio~jhere and fixedi it the 54)115 oi the earth is ultimately

- returned to the atmniphere at the rndi of the nitrogen cycle.

()N isu oxide appears in the sooil as a tleroniptoitieon prodIuct of the fixed nitrogen compounds.

(b) The nitrous; oxide iliffupes into the atmosphere.
(c itrous oxd ntetpe amshr sIeonm)e photorhemnically by X. < 2000 A into N1,

t) andti %'(. At ther~e high atniosphierir lerlls NO is also tiecorniposied photoichemically into nitrogen and
(Mygen by X~ < "(W1 A.

4. (El It is, concluded that presuimahily the nitrouso oxidle accumulates above the earths surface until the

* Z-. rat"s of accumulation anoI olevomnix..ition are equal.

* ~~ADEL~. AtlTfUR. :onvernirig the Vr! tical 1)Ditiuion antd Origin of Atmompheric Nitrous Oxide." Astron. J.

56. 33 (1951).

ThisA brief note is4 an alh-trac.t oif a palter pir-entedl by the author at the Eighty-fourth Meeting of the

American Aptronomnical Soj-iet.%. la'.erforol. 1Penn-%I 'ania 27-30 December 1950.

This~ papter 6~ identical to Add-l* note on kttmospheric Nitroupi Oxidle anti the Nitrogen Cycle publishied

in Ncience 113, 621 (195 1). The ab-tract i ,i,.en in full under the latter reference.

AMT)F. 4RT11t it. "Rotational Struture in the R? Branch of the Atmoipheric Nitrous (hide Band at 8.6,u."

P1 lf r~ph V. J.113. 222 ( 1951)

In t his note to th li- A.troph/w$iih1I Journal. Adel call, attention to- a -recent dliscussion by -Migeotte

( 1trfpkvs. J1. 112. 130 (19'50(iof the fine structure in the R Braneh of the very weak nitrous oxitle band

- . at 8.0,u in the atmo,t-jheric -;swctrumn.

%lif.!eotte a- i#ell a- -;uthierlanol andl (allendar Reprtxf. Pro". Pk-vq. 9, 18 (19j3,) mistakenly asskert that

the faint fine t rumttire (of thi- weak andl minor kindl is, conijletehI- abs-ent fromt Adlel's grating mrap) of the in fra.

red p4,lar -1wrtni putili-hiei in A~trnpph~iirl Journal 9t. 151 (if) 11 ).

A~del point- out that figzuare 28 of the mnap uuiitakenly rev'eal,; ten lines in the R Branch of the weak

8.6) M 1andI. Tlhe-c line- are- li-tedl in T'able I oif the pre-ent paper by Atdel.

. . . . . . . . . . . . . ..... . .. ........ . . . . . . .



CALLOMON, II. J.. %Ia h1,N. 1). C.. AND THOMPSO)N, If. W., Itens.ities of Vibratioi Bands. Ill. Nitrous Oxide,"

Proc. X^ON or.. (Landon) A 20)8, 332 (1951).

In thiis 1pa[,r tile laboratory reaualts are given for thle measurement of the absolute intensity of the
vibration ala-orj 'lion bjandl of nitroaus oxide at 4.5 w. Thie experimental method is alem-rjbaa. Th'lere in a

dimcussion of thj rep-tilts obtained. the correlation of intensity with polar intensities, anti press tre -broadening

'.5relaionobij.

GEBRIE. H. A.. ARDING.-W. II., HILSUM, .. PRYCE. A. W.. AND ROBERTs. v., "Atmospheric Transmission in

.. the 1 to 141 Regioan." Proc. Rojy. Soc. (Loandoni) A 206, 87 (1951).

Tile author ale.cribe their observatiaans anal results on thle transmission of the atmosphere for radiation
m of %avelength,, n the spectral region 1 ,s to 14 gs. These measurements were madle at sea level. Absorption,

bandt, due to % ter vapor. carbon dlioxidle anal the minor constituents of the atmosphere, Ns0 and IIDO

were observedl.

W The apparatui, used is alescribed in dletail as well as the experimental procedure and interpretation of

.%. records. Thle elevation was over paths up to 2.5 miles (4 ki).

The NO 0 n at 4.5,u was observedl. This corresponded with the fundamental aP: of nitrous oxide.

oxid bads. i poitedout that these experiments show that nitrous oxide is present at sea level.

* . GOLDBERG. LEO. jrThe Analysis of the Solar anal Terrestrial Atmospheres," Proc. Am. Aad. Arts and -Sd. 79,
238 (195Li

Iligh-resolution studies of the infrared -wolar spaetrunm until a few years ago was limitedl toabout 14,000 A.

At this region (f.avelength the sensitivity of the photographic plate becomes effeeti, Aly zero. The develop.
ment of the lead sulfidle photocell has made it possible to extendi high resolution studies of the spectrum

' to about 36.(") A.

* ~There are se~veral reasons why sapectrosucopic studlies of the solar and terrestrial atmospheres are impor-
tant. Analvsis bf tile intensiti.& of lines provide important information of the earth's atmosphere. Among
the constituents l-tuulicl in this manner are C0.! C114 N20 andi 1120 vapor. Such data as the abundance, the
vertical alis trihulcion anal the temperatuir! gradlient may be obtained. The abundance and vertical dia-
trihutiaan may be aleterminrd'w~ith quite good accuracy.

II The toutal qluantity of methane in the earth s atmosphere hag been estimated to be equivalent to that

which would he. contained in a. layer- 1.2 cm thick at N. T. P. The abundance of N20 is about 4 almo-mm.

The ditiui~~Of methane in the earth's atmosphere appears to be worldl-wide in character. It has ben
- observed at an Altitude of 604)0 feet at M ount Wilson Obse~rvatorN. Its density falls off experimentally with

height following! the same rate as the main body af the atmosphere.

* s The authaur state'. that determination.; of abundance anal vertical distribution would provide informa-

tion both on tilt ori-min of the rare constittuenti of the atmosphere such as Cl!, anti N 20 andi also on the

temperature hal na fe of thle atmosphere.

Ilrvoe aaiation from the suin i4 ala-orheal by ozoane in the- earth's atmo'.phere anal infrared radiation

from the eurface of the earth by- ozone, water vapor anal carbon dliox~ide. Also tile atmosphere loses energy

77
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by infrared emission of ozone, water vapor and carbon dioxide. If the abundance and vertical distrib,,tion
along with the absorption coefficients these data should make it possible to calulate the atmospheric
temperature gradient.

,  GOODY, R. M., AND ROBINSON. G. D., "Radiation in the ''ropo)sphere and Lower Stratosphere," Quart. J. Roy.
Meteorol. Soc. 77, 151 (1951).

In this excellent review of modern meteorology the authors state by way of introduction that it is only
% through the absorption of solar radiation and the emission to space of low-temperature terrestrial radiation

from the earth and atmosphere that our planet can receive and lose energy. These two radiative processes

are the source and sink of the terrestrial heat energy which is our atmosphere.

* The principal gaseous constituents of the atmosphere are transparent to their radiation. The minor
constituents as l110-vapor, C0 2 , 03, N'O, etc. have intense and complex absorption spectra. The absorption
bands of these constituents in the solar spectrum have been most widely employed to detect and measure

*" their distribution.

The integrated absorption is defined by the following relationship:

A,(m) = fA A,(m)d, = integrated absorption (1)
where the integral embraces the rth absorption band. In this equation m is the amount of absorbing matter,
where p is the density and

m= fp : . (2)
z is the height above the earth's surface. P in (1) is the frequency. If the quantity of absorbing mate-
rial is very small, the authors give the following expression

A, = m f, kvde, (3)
in which ky is the absorption coefficient. Goolv and Wormelt (Proc. Rov. Soc. (London) A 209, 178 (1951))
have shown that using the 7.8 g and 8.6 I bands of nitrous oxide that one can make a fairly precise deter.
mination. As a result it is possible to obtain information upon intensities required in atmospheric problems.

.-.. Equation (3) predicts that for small absorptions the integrated absorption varies linearly with the

. amount of absorbing material, and the slope in the band intensity.

* ' GOODY, R. 31., AND WORWELL, T. w., "The Quantitative Determination of Atmospheric Gases by Infrared
p-' Spectroscopic Methods. 1. Laboratory Determination of the Absorption of the 7.8 u and 8.6 ; Bands

of Nitrous Oxide with D, Air as a Foreign Gas," Prfc. Roy. Soc. (London) A 209, 178 (1951).

The authors state that the aim of the present investigation was (1) to obtain information which would
. permit quantitative interpretation of nitrous oxide bands in salar speetra recorded at different levels in the

atmophere, (2) to be able to calculate the contribution of nitroa, oxide to the thermal balance of the atmos-
phere, and (3) to test a technique which would be applicable to other, atmospheric gases.

-:~ The investigation was carried out on the 7.8 AL band. Information was also obtained on the 8.6 A band.
S.The experimental method and instrumentation are given as well as the source of error. The measurements
. were quite complete, and the results are fully discussed.

.. %
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Th e conclusion is that the method described1 in the present investigation can be applied toobtain Al
the information about the "7.8 anti 8.6 $A ban.Is of nitrous oxide which is retlaired for quantitative identifics.

*.tioh of telluric spectra. This4 includes4 line intensities, the nature of line -broademng mnechanismst and the

cont-ehuent line diluap, the line %idths anti the effect of temperature and pressure upon them.

- HI:KRZBIFlc;. c... "The Atmospheres of the Planets." 1. Roy. .4.qron. Soc. (Canada) 45, 100 (1951).

In this paper which sas read at the Sympiutir. on "Atmospheres of the Stars and Planets" held by the

* ,~.Royal Society of Canada at Kingston June- 1950. llerzberg gave a review of the pre.eent status of spectro-
scopic inve"tigationi (of the earth and the terrestrial planets. Reference is madte to the ti~vovery of the

presence of N20 in the atmosphere of the earth by Adel (Astrnphys. .J. 90, 627 (1939); ibid. 93, 509 (1941);
anti ibid. 9t, .451 (19.11 U and by Shiao, Sutherland anti Wooumell (Pkys. Rev. 74, 978 (1948)).

KRSO% SKI. V. I., "On the M1echanism of tile Illumination of the Night Sky," DALi Anked. Nauk., SSSR 77

*(No. 3), 395 (1Q,51).

- .. In this- pape-r Kra-ov-Lj dijs'hes critically the intensities of tile 0ff lines; given by Mfeinel (.dstropkvs. J.
* 111, 555 R15h.leference is, made to the paper on the Theory of the Spectral Emission from the OH
.. ".'\hdele inteNgtSy ecrm b ae n ieolet (Conopt. rend. 230. 1943 (1950)). These investi-

% gatllrs asimed a primnary photO-4iii..siatiOn of 160( at altitudes uip to 70 km by solar radiation. They
- ~''de~elqwinl a th~eory to expllain the Off eiision fromn the night sky.

-According to thle theorv- of Bates andi Nicodet the qorigin of the emission is from a layer at about 80 km,
in shirh 112( ) l 1, I() anti If exi-t toaether in proportions determined by the height-concentra Lions of

.. .. .U and 0)3. T'hree psoi=dd pr sses are given.

11 + 0+ MI 011 + MI (1)

11+ 0 - 011* + ha' (2)
If+ 03 -40 0,l O (3)

* Between 64-80 kni reaction C3) is; considered to predominate. ar an emitting layer of 10 km thickness at

80 km. tiae theory predicts; an excitation level of 5 )( 1010 quan zcm2 sc'

pyKraozov~aki ttt.z that the above theory of Bates, andi Nicol . i.e. the hydrogen-oxygen mechanism for

excitation of Off is not in accord with the re~ozlt% of Rodlionov (frn'. .4kad. N\auk., SSSR, .;er. Fiz. 14 (No.

* 3), 217 (1950)). Antither hypothesis is propos-ed in the present aper.

*It is assutmed that N'20 is formed in large amounts as, a result of a three body collision in the layer where
lisoc-iated oxi.gen exists. By (diffusion the N_20 is vertically displaced to higher levels. The N20 then reacts

isitli atomlic oxvgen. File excited 02 molecules thus produced react with hydrogen atoms to give excited

* Oil InlectIle-A.

N2 + 0 - N20 (4)
Ni0 + 0 - N2 + 0:* (5)

WA 0 + If 0l* + 0 (6)

...................................%.
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% K~~BRASOVSKI, V. I., AND LLLASHIENYA, V. T.. lIdentification of the Night Sky Spectrum in the 10,N"O A eio,

Doki. Akad. NVask.. SSSR 80, 735-738 (19)51).

The authors in thit4 paper discuss the night sky spectruin in the region or the 9700o- 10.300) A bandls. A
spectrograph having a dispersion of about 17.5 A m'm and a resolving power to 53 A was tiscil in this4 study.

Bands in this spertral region previoushl c r.idlered to be due t41 Oil mna' be due to Nil. The primary

excitation is thought to be due to ternary ('ollisionFl giving rise to the formation of excited molecules of
01. NO. N, Os. and NjO.

* MURRAY. R. is., "The Near Infrared Spectrum of Nitrous Oxide with Long Absorbing Paths." Phzys. Rev. 83,

- 486 (1951).

This is an abstract of a paper readl before the Seventeenth Annual Meeting of the Southeastern Section

~of the American Physical Society held at the University of Chattanooga 5-7 April 1931.

A 22-meter multiple reflection absorption cell %as employed. The infrared spectrum of nitrous oxide
was observed with a prism spectrometer from 1.25 to 2.5 ; with a maximum path length of 554 atmo-meters.

SHAW, J. H., CHAPMAN.. R. M.. HO"WARD. J. N.. AND OXIIOLM, M. L., "A Grating Map of the Solar Spectrum frorn
3.0 to 5.2 Microns," Astrop/rvs. 1. 113, 268 (1951).

This is a study of'tbe infrared solar spectrum from 3.0,u to 5.2,u obtained at the Ohio State University
with a high-resolution Pfund-type grating spectrometer.

Among the bands and lines identified are the following: NIO, If DO. Ct, CO, Cu41 and NO0. With respect

to the existence of nitroust oxide in the atmosphere the authors include a brief summary of the discovery

and evidence for the existence of atmospheric nitrous oxide.

I Values from 0.5 to 1.0 p.p.m. in the atmosphere have been suggested by various writers for the abun.

dance of atmospheric nitrous oxide from comparison with laboratory spectra.

*Three bands of NO0 are shown in the grating map in the present paper. (a) The fundamental P: at

* -' 4.5 u, (b) the overtone 2 vl at 3.9 u, and (c) the weak combination band at 4.06 jA.

TAYLOR. J. H., -Two New Absorption Bands of N20," 1. Chiem. Phys. 19, 1314 (1951).
This is a report on the obeervation of the 0 1 0 -. 1 0 0 and 0 2 0 --- I1 0 Obands of the nitrous oxide

A PekinElmr Moel 2-Cinfrared sapectrometer was employed with a one-meter absorption cell

filled to one atmosphere pressure.

THOMPSON. H. W.. AND WILLIAMS. ft. L.. Vibration-Rotation Bands of -Nitrous Oxide," Proc. Roy. Soc.
4(London) A 208, 326 (1951).

The infrared absorption of nitrous o)xide pas waA studied near 1.5 ;1. This was a laboratory study. The

4.5 ks band was measured using a lead1 telluride detector in a grating spectrometer.

One reason for tutdying this band is it. imiportance in the determination of nitrous oxide in the uipper

atmosphere in which measuiremnents, on the intensity are needled. Trhe- investigators %ere ab~le to determine

- the wavelength of the absorption lines. The resuilts of their experiments are given and discussed.
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WET:I. 411T111 H. "The Iltino-lsheriv A~ indms . 10 to '_' Mlicronm, andl tilt- Secondlh Funudamental of Nitrous
I hide,'" P)hjtt. Rer. P18 N12 15.

!n I lk~iM paw'r Ad el re s irt h i- futr.r in% e.. i ga t i of tilt- .t no 1plieric windoI~w. l6 to 2 t in ier. 10. The

%inslo is .letua*.l '.ivni plete a I.. rpI ion hI t erm. lion di iile tilt tilt- sho rt watve'Ie~gth ,idse anti b ly cm oplete
abso~rpition k, water v apor oil tilt long % aielm'gtm sidle. Thew author states that Virtually nothignwo

impolrtance. has been fotanil aEHHj thdis region of the utiui-ri.' spectrum. It has be-en fouand that tilt

amont oif solar radiatioin reaching tile eartha's siarla,'e in thai, sjw't'truin region increases sharply with diminish.

ing aiuint (of pre.'ipitale weater valoor content of the atrno.)phlere. The trans la rency has bt'en estimatedl

as exceetling abouitt ten perv'ert in tilt 16-22 g on tile dlriest ilavs.

Trhis spectral region ( 16 -22 ki) is tialoject to elaily anti seasonal chFange which is related! to the invessant

au.'etuatiomn tof %ater va;Hir co.nte'nt. % fuirther inve'~tigatiorI of this, spoeltral interval has indicatedi thle

presence of the -weconI fundamtental of nitrotis o~iile with center at 17. IA.

In figure I in the pape~r the infraredi solar-tellurie spee.truni is shown. The P. Q anti R branches of the

atmospheric 17 g nitroms o~idle bandl is clearly indicated. IThis was obtainedl through u ne millimeter of

precipitaL.' water. With this disoery all three funilanentals of nitrous oxile have now been identifiedl

in the telluric spectrum: ia at 7.8 IA. P2 at 17 .0o and P3. at L! A. Reference is made to the confirnmation of thle

existence of the new window by Migeotte anti [Levin (Astrnphvs. J. 115, 326 (1952)), andi by Anthony

(Phvs. Rev. 85, 6744 (1952)).

AN-HOY, .. "Atmos'heric Absorption of Solar Infraredl Rladiation,- Phisl. Ret'. 8356 (91)

thIn this letter to the editor the author report s his result, of some measurements (of -olar radiation taken

%iha K Br double monochromator in the infrared spectral region I 3 to 20 microns. From tilt- dlata .'olleeteul

absorption ceffic'ients for thle continuous spectrum in thle 8 to 21) spectral interval were evaluated.

With reference to the window in the region 17 -20 microns foundi by Adel (Astropkvs. J. 96, 239 (1912))

Anthony 'War; able to confirm this. This spectral region is highly sen-itive to1 water vapor content as found

by Fowle (Astropkys. J. 42. 394 (19.\)

SATES, D. R., "Some Reaction- Orr-'rring in the E'arthi's U.pper Atmosphere," Ann. Geophvs. 8, 194i (19512).

This is a cornmuu cation presented at tile A~seinhiy of the international Union of Geodlesy and Geo

physics. Brussels (1931). Reference is made to the infrared re,,earches of Aiel andi tither workers who found

that nitrous oxide is an important atmospheric constituent andi its4 mnidetalar abundlanee is abouit 2 X 1019 '(-m2

eolumn. --

Bates and Witherspoon (19.52) employing absorption cross sectio)n4 derived from several laboratory

investigations of different groups of investigators have raletulated the rate of photodliss.owiation by

IN20 + hy -Ni + 0 (1)

which begins at about X~ 30710 A. andi the reaction

NiO + hY -NO + N (2)

that begins at X 2400 A.

V.
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can be dismissed since the parent particles involvedl are not prodIuced suffiviently rap idly. Bates and Wither-

spoon (1952) have shown that the only plausible parent particles are the 0 atomg alid 03 molecules in thle

lower atmosphere by which equilibrium is preser- cii by the following reactions.

0 +O0,+ M- 03 +M (3)
03 + hP 0l+ 0 (4)

The author state@ that though photodlissowiation in the Hlerzberg continuum may protceed slowly in the

troposphere, mixing and replenishment by reaction A1) might insImre an ample stipply of both 0) and 03.

Nitrous oxide might result from the following reactions.

0 + N,+ M- N,2  +-M (5)

03 + N - NO0 + 02 (6)

It is remarked that if one of these reactions were indleed the source that nitrous oxide would be prevalent

in the troposphere as demanded by the determinations of Slobod andi Krogh (1950).

With reference to Adel's (1951) suggestion that the action of s.oil microorganisms is responsible for
atmospheric nitrous4 oxide, Rates refers to Hlutchinson (Am. Sci. 32. 178 (1944)). Calculations indicate that
Adel's hy pothesis requires that nitrous oxide be a major end-prodluit of denitriiication. In the present paper

Bates also has examined the hypothesis proposed by Krasovski (DokI. Akad. Vauk. 77. 395 (1931)) that

nitrous oxide is involved in the excitation of the Nlcinel hydroxyl bands in the excitation of the night airglow

* by the following reactions.

N 2 + 0+ M - N 20 + M (7)
N 2 + 0 - N2+oW (8i~

These reactions are considered to be unacceptable. Observations indicate that the OIl bands have an
intensity corresponding to a photon emission of about 10' cm3 .'sec, and that they originate from a layer of

altitudei about M0 km. The concentration of N20 at the 70-kmi level is considered to he quiite small by Bates,
and at this lev'el photodis-sociation is rapid.

The process sugge-ted by flenrique. Duncan and Noyes (J. Chem. Phys. 6, 518 (1938))

03 +11 ~02 +011l (XVfl,v 9) (10)
still seems attractive.

RA~TES. D. R., AND 11 ITHERSPOON. AGNES Fi.. "The Pliotocliemirv of Somec M inor Con~titiuents4 of the Earth's

Atmovahere.- (CO., C0, CIL4. N0), Mon. Vot. Roy-,. Astron. Soc. 112, 101 (1952).

In the following Table are compiled the current estimates of the particle concentrations, n(.1f), and

temperatures, T. at various altitudes1, Z, up to 130 kilometers.
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Structure of the Atmophere

Altitude z (kin) Particle C.mrentration Temeltrature 7'
n(M) Cnl 

-  
deg. K

130 1.2 X 10" 450
120 2.7 X 101 360
110 7.4 x 10a 305
l0 2.3 X 101" 270
90 8.7 X 10" 245
80 3.9 x 10" 215
70 2.5 X lots 190
60 8.2 > 30" 275
50 2.3 X 30"4 290
Q 6.8 X 10ts 250
30 3.9 x 10"1 2-"5
20 2.0 X. lol" 220
10 8.8 X 10" 220
0 2.6 X 10" 285

Reference is made to the first discovery of the presence of nitrous oxide in the atmosphere by Adel
(19)38. 139, 1911) from his observations on the 7.6 p region of the solar spectrum. Confirmatory evidence
was afterwards obtained by other. investigators working in the infrared. The abundance of nitrous oxide

in the atnoophere has been estimated to be 0.8 atmo-em or 2 X l(P9 molecules cm column. With reference

to the location the authors state that this has not been properly determined. If the nitrous oxide were mainly
.confinel to a layer 10 km thick (the approximate scale height in 'the lower and middle atmosphere), the

authors state that the mean concentration would be about 2 X l0" 'cm3. The total particle concentration

at an ahtitude of 70 km is only 2.5 )< 10's. Therefore it would seem most unlikely that the nitrous oxide

coll be so high.

Vith reference to absorption of nitrous oxidle it is stated that the long wavelengths limits of the con-

tinua are not %ell defined. lloever. it appears that a very weak absorption begins at X 3070, anti the main

absorption begins at about X 2404). The products of dissociation are not definitely known. In the low-

energy region the following process most likely occurs.

NO + hv. N +O(Por'D) ()

In the region of high-energy there is considerable evidence for the following reaction.

NO + hy - NO + N ('S) (2)

The authors state that it is by no means obvious that there is any upper atmospheric reaction capable

of %iiehling nitrous oxide necessary to maintain the observed abundance. The question as to whether the

nitrous oxide could originate on, or near, the earth's surface is considered. The following processes are

considered and thoroughly discussed.

(1) Formation of nitrous oxide by soil microorganisms.

(2) Hfomogeneous gas reactions.

(a) Bamford, suggested the formation of N20 from J" ions in some unspecified way.

(b (NiCulet 0- + N2 - N2() + e- (3)

Both (a) anti (b) are unacceptable for the rate of production of neither ion even approaches the necessary

value.

, - -. .- ' .., : , ., .. .. .- ., . ...- .- .- .. .. .- .- .- .- -. .- .- _ .. .. .- - .- .. ,. . -. . . .,. , .. .- . . . --.
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(c) Metastable nitrogen molecules.

N, (A' Z+) + 0 + M -. N,O + NI (4)

N, (As !+) + - N,O + 0, (5)

N, (As -. ) + O - NsO + ) (6)

" (d) Metastable oxygen molecules, 0, (a'A, or b' %g+)

O, + N, -. NO + 0 (7)

-. . .........(e) I N N O + 0(8)
J

*.The authors conclude that the main processes outlined above all fail, because the supply of the parent

particles is inadeijuate to balance the los, that %ould be incurred in producing the nitrous oxide at as great

a rate as it is being dest oyed.

In the first part of the present paper th. "itude distribution of the rate ofphotodissociation of molecular

oxygen was calculated. It is shown to be characterized by two maxima one due to the Schumann-Runge

continuum beginning at X 1759, and the other due to the Ilerzberg continuum beginning at X 2421. The
. altitudes are approximately 100 km and 30 km respectively.

* O, + hr-- 0 ('P) + 0 (ID) Schumann-Runge (9)

0, + ha- 20 ('P) Herzberg (10)

The yield of oxygen atoms in (9) is about 1 X 10',cm/se; that in (10) about 5 X 10/cml/ec.

The region near 30 km is discussed. tlere the atomic oxygen initially formed reacts rapidly to give

"' ozone.

0 + 0 1+ M-O M (11)

The ozone thus fcrtred by photodissociation rapidly reliberates atomic oxygen.

'03 hy - O + 0 (ID) (12)

Ac a result the supply of either atomic oxygen or ozone is sufficient to meet the nitrous oxide requirement. D

0 + N2 + M N0 + M (13)

S03 + N ,- N20 + 0, (14)

Proceses (13) and 4) are discussed in detail with respect to requirements, rate coefficients, laboratory

evidences, energies, id temperature. The argument seems to favor process (14) as most likely to meet all

requirements. I

Schumann-Runge co ninuum
A.17sq AO+ hP <  0 ,(3p) +O0(113) (15)

Ilerzberg continuum A. . 242 + h 2 A 2 0 ('P) (16)

In the presence of a third body the atoms thus liberated may recombine,

0+0+ NI 0, + NI (17)

or they may unite with oxygen molecules forming ozone.

0+0 (+ M -03 + M (18)

The ozone may be e -royed by the collision process

0+ 03---20, (19)

2



and V J110t416ocitionin he tromng flart.ev contimumn beginning at about A~ 3504)A

an b lIm~d~.watmn 3+ hP + 4 t) 2)

* ~andl in tile -Arak Cimapprais continuum be-ginning at abmout 80001 A.

03 + hi' (ho + 4) (3[)) (21)

%tAvvF:. i.. "Absorptioan Spectra at IAuw Temperature. Stindy of N20) gas, ani No) gas, anid laiuid," Ann.

Pk". (Paris) 7, 45M-505 (1952).

* It was foumnd that at 18'C X-0) gas hadl ah-orption peaks at X 181. .A and X 1 .130 A. There %as no) evi-

deni'e of phiot doi-iwa t ion of nitrous ou'le to nitric otie for wavelengths dlowni to 13901 A.

MCM4Tt.' RtOBERT It.. "Solar Research at time MiAllath11amlbert. Observatory'," Pub. Astron. Sol-'.(acific)6t,
151 (1qu).- -

in this general discussion of solfar researcfi'lte author otates, that -terrestrial carbon udioxidle, mnethane

ani nitrous oxide in the earth's atmosphere show remarkable intensity variations with changes in the altitude

of the Pun.

Nitrous oxide is almost absent in the noonday solar spectrusm at wavelengths short of 2.5 M. However,
it becomes easily visible as the suh approw~ihe-s the horizon. Studies of the vertical distribution are not

comnpleted.

miIGForm. w. v.. "On the Presence of Atmospheric CasesA from infrared Telluric Blands," The Atmiopheres

or the Fai th and Planets. F Jited by Cerald P. Kipelr, The University of Chicago l'rv.,. Chicago,

Illinois k Q52). p. 281.

A brief re view of the followsin~g atmospheric gases is given: 03. N-0,. CI1 4, CO, 111)4). and Nil.,. With

reference to litrous oxiole brief mention is mnade of ft- iicoi crN of th~e pres ence mar atmospheric nitrous o~iole

by Adel in 1039), Recent progre !, in infrared studies of the sa(lar sJwetruim has been made at ft- e alath.

Hlbert Observatory, the %Mount % iI-on ( Ibsaervatory. the 0hio State Universitv-. Johns Hopkins Universit%,
and the International Scientific Statiomn of Jungfraujol-li Switzerland.

The Jung-fraujoeh Observatory has- been used by M. V. Nligeotte in collaboration with Dr. L. Neva'n

of the Roval Observatory of Ijecle. Blelgium. frhe advantages% of this station are: its elevation of 11.700) ft.

(3530 meters) the greatly reduced 1it() ala..orption. andl the remoteness from large industries.

M1C.F0TrE. M.. AND NEVEN, L.-, -Ihigl.i-Di-persiom Solar Spectrograms betiveent 15ii-12 .7brobs.

115, 326 (1052).

Thme auithoar*s report in this brief note their observations, of the solar spectrum between 15 A anal 21 tA.

Tiell. 1 ol,-er~ cal band. P2, at 17 u is at trilmtted to nitrous oxifle. 'lhe pirn-grating spectrograpjh

of thle 1iniver-it' of Ei ag. %a a1,ei4 in thel oi-ervations. Tile 4im4.itraagrapjh was eaqaipjm-l with an original

*echelet te ra tin, froi am t- ni~ ar~it,. of Na1 ichigan. ha~ ing 1200 lines per inch . A4 rece i'er fte aiutlor- 11mseal

a P'erk in-El<me r thle rnocamuple a% ic h % as co n nec tei toa a Ix.ed s anil No r thrusp Speed oin ax R coardler tharoumagh

a 13.c'vile Perkininrer Flectranie Amplifier.
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m irti~ v .. tMii %ttivs~ . t ., Lee'i t rgro- in tilt- t Olbrr% .eiim df the 4,lar Infraredi SJtI e *

J engt~t i~.e~h 2-~it.ct-en WlIin. %,x% Mi.e .1-ea.. L ieg~e. 12. I b i(.192)

The a. telloi It iatce't, I, 'Ill ;,1 in g in ifr ared a I -e r pt ii l hIeji wt~ e re ietilied toll grA tang qjwe re agrAni*.

II 2J, A ... 8 .

%Or Is 1. 1 It 1#41 I. W,. L., A Nb D,1 . k 4-: F. N. t., 'i Scelar SjW't'trliil frqefin 7 I to; 13 m." itrroph vs. J. 116,

U ~ ~Ii thi li~illwr thet aiitli-er, hiave relooirtrit their re-ailt. ez1Nkn re'an%e.tigjten tof the infraredel tetrumn

itie, toe 1. o walli a hig Ii-re.',i li s gra tin - Iw'iievIme ter. Alei er;,tie n lean.k Ia in tern heric Ili(). C( ).O-

. . '* \ .~N40 Ant CHe , (~A re oiti-c.--eli inflpiti na lb % n e~itt e-ii e tae t'ef line freen~e~ie anti lint- ioetifit itiafl few

-. ~ti. joetrdl intrI ill thre %olar .lwetrui i. ant-Ieitede ..-I i a trial) of thre i1 tptrin is ohown.

Rlegardineg tilt- Alitfldn-Vl~ Ii( atnii..lie'rie l' % ) referi'ee i ade to) tile rtieliateo re';lilteul by %te~ath
Anti (.elclleerg rier. Am,. Phil. .No-. 93. 31P2 ('9111)) wIie) gie tile irilIacr if ahitIt 1). 1 atme,4'rn. Fht' aenthrot

Oatte thiot tn l u IiIenIt i. P-iifliventt foir the funaelanetAl at -.8 m lt ae1Ilwar otretngis an the aeclar a4pttrult ati

tile tilt t'eile 114111l :' VI t 8.6 #A toel J -iersede a,, a weak~i .ehoeerpliaeo. T'he v, fundlamental it, tile moire intrnme

* lane. . leeie'r. it ip oiiri.4 l in the moeir oletrurn by eeoe'r-Liaeeg banedito I) f, C14Anil I,). Aos a reaezlt

Il a fe . lin'a #if Ni( ) heas e been iet lit-,'iI.

M .jIarn tijo linep- If thle much-1 sooeArr 2 P. which lie"* in A vcoenpeertre"Iv tran'eparent window have-bei'n

t edl e. Nt j 'l owf tie N241 i hue in tire H.to M regeeepn are ohim-eireet byv ."erai inten~e 11l?0 line'*. Pei'ileIy

fil, rip tlhe -. tvirter mnecth.. I Ather htteIs atietnie' atnilct";tierie' viifltitive'nt4o which incliedei (ChIf ( 11.9 gA band),

. C411 It. t.~ W-f 17 0; C2 2 1 -. A." SA ? 8.6 A.). N4 ) (53 ju), an t N), (3.1 tu) were invede in Ie

.' . ~tmhiiei'4, N, inhlicatiti oof in% l- Aherlill % a- focane %% eich so aot taLen tei mean that the abeanetne of thle-e

0 ~~~~gAwvi'e if ~evd t il te a trmie-jtie'rt. mie't lee tn-icdrrabld% .,raller than eeitii manor e'ontiteaent, a% C1 14 anti

"o.r. Tile Vaiw~r ilre--,tiri- Anil )rtlee,are' JDe'noity of Nitrone I )'iale." Truan.ts. Fiedii,' S'W. 19. "41h

* ~~The di'e'rnia tiion of tile %ije'r fero'-iire efrit ireoiel e 1 frmtn 12'C te) the critical point. anti tile' North').

baric ilt'n-atae'. freemn 2(r tee tire critig-l pod int Iid e bee'-n P~tieolieI anti repolrtedl in tki4aer 'The rerl

* ~~~mental prie ire in cludti'ng a ite'crilet i- f the ajoilparati e'1flle% id, tile pre'1 laratielf (of the gai. ieleeti" of

filieng tile- ;re.-nir tithe. anti the re-tilt- eetane'et ire eli---d ill de'tail.

* ruThe' aleer pore-uire. wse're oletermined fromn thle feelhee ing re'iatieenchiip.
it,~ p~atn) :-- 1.6e21M 01141.03 T).

- l*Ili i~Equt eiiin arme A.leegi en he er deri'.in a thle o rt h.,fta ric en-a t wo. A~ rraph cif tile- orth l thi - ele -n- ie'e -4tf NtO

* ~~~~Ie% iarili. alitooer., tile Internai toie l C2ritical 'rahwe. a. well ait the atithcipra, 1lre-te't miea'eitrent-4 i

inchjlede feet vqr rit-en piirjlibe'. The prr-e'nt eta 3a"e in gretet agreemepnt with prriie4 valiea.

% -



FRIV11*FT. . .. 4l AHKE. A. G... MICLt.TZ. J. L.. 4%1) 11UMOVKIT. C. II.. Nta-w. Specwltrometric' A.
4

i oiII of %li~tur'e

U (ollG~tainling N itrogen 1)io~ide." .InI,. ChJi.'. 25. 1.111, 01)31.

lis, all pnalso'n jjr 10% i*irkerm ill the. Si ritlietic I-ta-ie. 4ca rch Branchl, Boireau to( %Iittro. Bilre.

-. ~tit. lt'nra% 1'. inii. The erratlic Ilhair of 1ito-- '061 o illa tile lj*' .1mwir.imleter i,4 tite to dhienilJ

rt-Actiti% The fotd sit *iag el~iliiilain t.u tnil r nohrtnal triowrat t iare a ni ;re*pa re condilit ionsl.

Ill tlaa* -1,tFl - the ma.. .jwcitranh of Nt~.a (on.ulaioatrt 21-103 Mtaswi Spe-tromteter was, ,,.ed. T! le

Mtaterial", appharattao. ani IothltI of jirtweahaur. for anabi a are fully deocraibeI. SevAeral ctirves4 of Nth~

fli As- f e .i tri I I iat Itern P at I a rit a. prep.laren in er oi PO, anti N( , ma so opectral sefsi ti i ties4 a t varioias raire

* ~~arte indIt. ed ill tits- papeI r.

Ill tile flIlt,*o irt tahlle tilel' - st15 er'tra of nitric. nitrous oxtie. ai A 'ompijarisonf *lpt'trIn of( nitrogen

* uloiode are oon

No N jo NO,

20.31 0.14 1.45

O A14 12.1 16.8 40.2
Is 21.58 0.14 0.77
16 2.75 6.05 9). 3
19.6 - - 0.24 m

22 0- Od
23 -0.22 dU211.6 18.1 15.8

2)0.05 0.23 0.41
li0 100 38.3 298
31 0.3 0.13 1.09
3.2 0.23 0.15 4.19

1 00 0.39

461 0.2110

47 0.39
48 --- 0.36.

Senaiitav t ( parent ma".. divisionot per mic-ron (r-ltoutane mama 38
"xlitiv.ity s7.34fiviaiopno mic n).

44.6 33.0 9.10

r~i~~.N tJWi4.AM'BI~l.1~~F.~, ACO. Tle Thermal Det-nmpositiron of Nitrotis Oxide,'s J. Am,. Che'm.

SQs-. 75.1215 13.

All Thi- i-4 a .tti~f% (of the thermnal tdeclmptO-itilin of N210 enrit-hll w.ith N"N "O anti a stibsequent search

for Fw)-.ifole rqtiibraitin (of N ani N" i n the nitrt,_,Ptn prmitct. Tile decomposAition reactions were per.

formed in -et. br id~rical qtat % ekl 3 ' 1I)cm anti a pr".iiare o)f albout 8) mmn lg at rtoom temperature.

Th 1 M' lti KIat-Ititin aind rxcharle reaction temim-ratirr uere about 530.C. 'rhe samples and reaction

* ji~d~zt.. ereanakor /11 ith a ma4 epectrim#-ter.



'Ihe deornijs~tin oif N.() A~ai complete in all a,,e's. The results obltained slaaa. n that NO neither

exchianges vitl N:4 nor caate he eq~uilibration of nitrogen during the dlecomiposition of N,(). Tile
follaav.ing reac~tioan v. as conpialerral to be the riaain source of No .

Rference is, madle to the investigations of v. h sugest((''A)0 eled rc 1jo 1)taco tfrth

formnation of No in thet phaatoli 4 of N20 . The folloav.ing uniniolectular nameeanism appeared to be consistent

v.,th thela-aanipooition studies repaortrd las. the authors in the present paper.

NO( + N20 N,0* + N10 (2)

N01" + N20) - 2( (3)

N2 * N2 + o (4)
o)+0)+. o, - + Xf (5)

0+ N 2 0 -N2 + O (6)
0+ NO( 2N()(7

GOL.DBERG., LEO. AND MULLER, EDITH A.. *'The Vertical Distribution of Nitroust Oxide and Methane in the
Earths Atmosvphere." J. Opt. Sor. Am. 43, 1033 (19,53).

Tize authors state in the introduction that the vertical distribution of minor constituents of the earth's
atm(asphrre has an imprtant bearing on the question of their origin an(1 photochemistry. The following
methodsl for obtaining information on the vertical dlistrib~ution are listed: (a) Direct oampling at various
altitudes. (b Results of chemical anti spectrowcopic analyses of the lower atmosphere compared with abun.

dances deriv.ed fair the %hbole atmosphere. from studies of the solar spectrum, (c') Evidence on the vertical

distribution may be inferred front spetroscopia' abundances obtained from different sites andi altitudes

* assuoming that the geographical ai-tribuation i5- uniform. (if) The low-sun method which is based on the

mea,zrent of line intensities, %hen the sun is close to the horizon.

-- .The low-sutn method is described in the- present paper. The principle involved] in this4 method is that

in a curved atmosphere, the amount of -ibsairhing gas traversed by a ray of sunlight from direc-tion-4 near the

horizon depends upon the vertical distribution. The geometry of the curved atmosphere is described in
detail.

The in.'trumentation employed was a high-dispersion spectrometer andi Cashman PbS cell of the

Mecfath-llulbert 4 Plaervatorm attached to the Snow telescope at Mount Wilsion. Foor lines4, P'25, P'26,

P27, andi 112) in the 2.16-m bandl of N20 %~ere obser% eol on 8 12 November andi 28 29 November 19:50.

- The total ah-irption!4 were rn-a-airrd with a planimerter.

The relative amouintsi of al j 41rbin g ga4 traveredf Iby li ght r ays, coingn f romn ifferent z eni th angles af

the sun were calculated! from the Link andl -;ekera tables (Pu, h. Valt. Oh.q. (Prague~ 114 (11 oo. The values4

in these tabales are based on the ola-ervea densit, 41aistriautiaan in the atmiosphere anti take into account the

* t refraction. Dens.ities uip to 20 kmn %err taken~ fromn 'i'hir of the A~ir" lI), fluamphre~s, M1cGraw-Ifill Bok

- -Comipany,. Inc.. Nev. )t ork I~ )t; K Betevn 20 kin andi V-) kmn the flcn-itiesAere calculated fromn tempejra.
... turrs gi~ en hIt, )uvert (Erg. d kosm. I'h.%sk 1. 236a(93 For altitoules hichaer than 15 kmn the densities

* - - v. cure obltainedl fromn the follov.in, reference-: Link (J. des ()hivr. 18. 161 (1031) anal Lindlemann antial )ahaon

(Proc. Re^. Sor. (L~ondon) .A 102, W 149~22o

fit

. . . . .. . .



Tb: quanhity 1.L, vias citlculated. %,here L, anui L, are the total amounts of abso~rbing gas in direction

oftetn hangle. anithrough teznh.TeqaivL,,i-tepthlength in air massoes. It was

apouaznelI that the i ertival dji~trihiation of nitrous o~iole is concentrated in a laver of uniform density 5-kin
thick at altituides 15. 25. and 50 kin anid that the N,( ) on the above four assumiuptionfs as to vertical disotribu-

tion are Am% it i n Figtire j in the palter.

The authors cuinchide that the line intensities for NO4 observed at low Polar altitudes serm defiitely

to rule out the conventiiition of N2 iii lai ers at altitudes of 15 kmn or higher in the. earth's atmosphere.

The obseriatiows also show that N 21 is tutiformilt mixed isith the major constituent m anti its concentrated--
in the lower levels of thie atinovp~iere.

GO)DV. It. 1W.. AND ii 4LSil A", C. M,. 'he Origin of Atmospheric Nitrous Oxide," Quart. J. Ru . lifteorol.

Sor 79, 490 (1953).

-,The authors ulim-uss new observational data which indicate that:

(a Nitrous oxide it, uniformly iked %ith the atmosphere tip to 10 im and probably to -40 kmn. Tbe

volume mixing ratio is, 3.5 X 10-7.

(b) Bacterial reaetions in the soil can supply nitrous oxide to'the atmosphere at a rate sufficient to'

- Compensate phioto-cliernical ulecoi nlisititon.

(c) The formnation of nitrous oxide byv hontogex~eous chemical reactions is probably of less importance.

(d) The avertige magnitude of the nitr-ogen c% ee between earth and atmosphere is probably not lesst

*than 1011 molecuiles 4-m-2 sec-'.

It is stated that nitrous oxide is the oun! oxide of nitrogen whose presence in the atmospioere has been

* K established hI) dirert obiiervational eiduence. Rleference is made to the six records of the 7.81A hands of Nt()

in the solar spmectrum obtained on airc-raft flightsi over Soothern England by Yarnell andi Goody (.1. Sdi. Instr.

29. 332 (1952)). The altitmules %sere between 3i kmn anti 8 km. Aircraft results were consistent .it a con-.

stant mixing ratio) of 2.: 0.8 y 1fl) hi volume between 3 km andi 1t0 km. The spectra from Arizona were

conpisten't with a volume mixing ratio of 4.1) :f0. X 10-1. The results from Arizona were obtained at an

altitude of 2.211 km. The results of Slohbob anti Krogh (19)W) at ground level in Texas from mass spectro.

sciric measurements gave valuest front 2.3 to 6.5 X 10-",
*The naturnl lifetime of a molecusle of nitrous oxide to photodissociation acrording to Rlateii andi Wither.

5.,. .*.spnwtn is shown in the follo~sing, table.

Ahtitmad.. Km io 20 30) 40 61)

Li.tirm. (davio) 41X)4) 8M4 so 20 t0

With reference to) bacterial reactionm in the soil the authors state that by using the best available data,

a time constant of 2110) ula% is required to suplply an average over the whole gloe of 8 x 10") nitrous oxide

molecules cm-2 sec 2 1. This4 demonstratesi that bacterial reactions coold suipply the nitrous oxide in the

atmosphere. Rteference i, made to llates4 and Witherspoo)n (1952) who examined possAible mechanisms liv

which nitrous oxidle could be produced b% homogeneous chemical reactions. The following was considered

most promising.

+ 2 2 +0
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A rate coeffcieat of 5 X 10- 1' cml sec'1 was considered to be adequate to account for the nitrous oxide in the

atmosphere.

Good|y and Wal-haw state that they %ere able to make an estimate of the rate of the above reaction by
niuxmg nitrogen and ozone in an absorption tube, measuring the ozone decay from the a1sorpltion in the

Chappuis band and the nitr ius oxide formed from the intensity in the 7.8 M band. In three experimento
which were : formed. ,ne showed a weak doublet of the right shape at 7.8 u from which the nitrouis oxide

density could be estimated to be 1.5 Xc O1 molecules cm- '. The rate coeffiient was deduced to be le.,.

than or equal to 5 X I0 - " cm wec - 1 at l4°C. The analydsi of the interpretation, wall reaction effect, and

similar ',pica are discussed..

The conclusion of Goody and Walshaw although not greatly different from that of Bates and Wither.
spoon revere the emphasis and consider bacterial reactions in the soil to be a possible source of atmospheric

nitrous oxide while the homogeneous gas reaction is probably of secondary importance. The evidence

i obtained by Goo4yl and alshaw indicates that the homogeneous gas reaction mechanism proposed by

Bates and Witherspoon is too slow by a factor of 40) to account for the observed concentration of nitrous
oxide in the atimosphere.

* MurrRtA, A. P., "A Tentative Model of the Equilibrium Height Distribution of Nitric Oxide in the Ifigh

S. .- Atmosphere and the Resulting D-Layer." Ionospheric Research. Scientific Report No. 46.. The

S . Pennsylvania State College, 15 May 1953. AMC Contract No. AF19(122)44.

/ " With reference to the mechanism of production of NO, i 'e author reviewm the discovery by Slobod and

Krogh who originated the suggestion that atmospheric NO is produced in the soil by some micro.organisms.

/ .Reference is also made to Bates and Wither-poon who considered that the atmospheric NIO might result
from homogeneous gas reactions at low atmospheric levels. The following reactions were considered favor.

able by Bates and Witherspoom.

No + 0 + M - NtO + k4  (1)

0, + N, - NIO+O, k6 (2)

The parent particles 0 and )3 might be produced with sufficient rapidity to compensate for the rapid

destruction rate of N1O by the following photochenmical reactions.

'NO + At, - ,t + O ('P or, D) J (3)

"Oor N,O + h,A2OOA NO + N ('S) J (4)

. The values of J, and J. the photodissociation coefficients were calculated by Bates sa. Witherspoon for a

7 -..,..number of heights.
Mitra in the present report considers both reactions (1) and (2) giving the following rate equations.

dn1(N20)
-_"-ksn(N 2 ) n(0) n(.M) - (J + J4) n(N20) (5)

-- .t kn((Y n(N,) - (J + J4) n(NO) (6)

I -•. .. ...
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% - Undr euiliriumconlitino, itecorreoptinding concentration. of X10 Would be

tnder ~ ~ ~ n(NO e iarunwodto.teksn(Nl) n(O)n(.%1)()

r and n,(Nio) ~ (a_(, 8
it+ J4

In Table Ill (A). (Bl) anti (C) in the repoirt the valurt, of thle various paramteters uizl a e given for

height, from 50 kmo to 100 Li. Front the-r~ %alue. the height diotrilution of Nit waso caalo ted for the

4- regiont 54)-1041 Lim. Fro~m thle dastrdiatio, of N,( andi N, Mitra uoe these valties too calcilatt tie height.

dihstributimn of nitric oidee (NO).

(N) kin(N) ,i(O) n(M) + Jin(NtOl 9
ks(T) n(N) + Js

%14tlt.F? UAE.4tp[ ".4eronomical Problem of Nitrogen (hides,"_Ionosphere Research. Scientlific Report

No. 52. The Pennovlvania State College, 25 Octolfr 1951'3,. AM C _Contract No. AFI9012,-*1 .

With reference to nitrouts *ide it%. observation ',Idiscoverv from infrared studies by del (1939).

%ligeotte 019WU. Shai%. Sutherland. andi Worinell (1 48) are, mentioned. Also reference is nadle to the

abundance of the order of 10"' molecules cm-2 found by Mcefath and Goldbierg (1949), an( Mfigeotte,

Benesch and Neven (1953), and the vertical distribution by Goldberg andi Muller (19.33).

Reference is made to the s~tudly of the photorhemistry of tropospheric nitroup oxjite b~ Bates aid

Witherspooti (1952) who found that the N,0) molecule is not a member of the main photorlienii aI seriest of

nitrogen oxideo. Mlitra (Scientific Report No. 1.6, Pennisylvania State College (1953)) has4 piloposted thle

f6llo4 ing mechanisms for the fo.rmation and phiitoi-mm~iation of NO.

N +0+%I- N20)+ M (1)

N,() + h Y (x < L, u H A) -NO + N I ()

Mitra (1953 con-iilered reaction (1 asi the source of ii'ious oxide at mesopauselves and gie i

follou.ing reaction:

as another po.-sibilit-, for its- production. Trhe latter process had been suggested by Bates ant rid lesx~

Nicolet in tile pr-ent report con-idler the f.ourrelo'f N20 at meopawse levels to Iw prce (1) rather

than prow". (3 becatise of thle high activation energy in thle latter mechanism. Tile author gives a uantita.

tive diocu..4ion (of nitrous- oxide anti atin.opheric oxygen system in w hich tile follow ing equation of tme rate

formation is given.

3n( N20

he ~ ~ ~ ~ (.2 aboic eqaio ( baie fo I (4)

A ~ ~ ~ ~ ~~~~N li+b-reuto bandfo Ii Thle follouing proces is, also con-Ridered.
+ ~ N) + ( (excited)(5

It is stated that proee- (5) %ould he a--oriateul %ith the altitudesA near the mes~opanoe. k,4imlringa

%alice of W, vin-, for the prowhict of nfN:. n (0,) n(( ),). a ieldl of 50 photons cm- see-1 would co rejm~kfd to

.... ............. . . . . . . . .. .

. . .
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a rate cewffiint o~f *I (h', in wc for thle excitation 1lrixM'e ot tile atino-phe~liril' bands Elf 0)2. Hates

a nti U it her. 1win , 1912; a nti l at, (E 12 %h iii'u.-.'i jirose-P, (5) co ncl uuded tma t t 1w rate i'oiflui'ient
for ft- reactimiu would not 1we ex..i'teeI to hai e a %ahue greater thani I X 10-' i' Aec- 1 . Niv'det con.fl

cide-k that both tliretivl'a andi exim'rmitentaI in~ e'tmgationm hiae not a,, #uPt vjii'i reliale l'dta tocualt-'u.

kt late tiie rate ixliien'It.

THOMPSON.4l. 1t, 1A.. 4%1 V1~l11.149ifs K. I... -ViIpratioii lihl anti Mouilhar Routatioinal (2(lI1tanlts of Nitrous

kide. J'riM. Rov. .Stw. (I~ondoiln A 224). 1,35 (1913). --- - -

%lThe aithour- hla's rellortiil the flea~urrinlet Ef w i'.en 'ibratiun-rotatiuon haw fl nitroto oxide1. rhe
roita ti in al fill- .trtlctlite (if each [oail i a . anal.% ied. The thre'e flna nental ibratilln frequiesa, 1,, 1".. anti
j,3, leri f ond ito he applroiumati.I% 1285. 389. andi 2223.5~ em'. The valurA for ro~tationlal eilI~taurt* %ere

meicr'sem. tiloralui fo r I1,_, sa- f' 0mm t4 ' lie 0.110 cI~ im -' from four Iiatom as ecompia red to) 1141: foun 11111 i
H erzberg anti l ivrer rg. The %s lum" for the votiliimient a, for the differenlt %ibratinal levels art- almi re'1iurted.

ZF I KOFIF. itt NI4Y. iiATAN4RF.. K., AND INN. IM 4RD C. Y., "Abnsorption C'oefficients~ of Gase's in ft- Vacuumn

Ultrainlet, Part HI. Nitrou-s Oxidle,~ J. Chem. Phi's. 21, 16-13-167 (1953).
In thip, papker tile autholr% replort their ineasutrements oIf the absorpltioin coe'fficients of N20 in the region

r Four continusa %ere iikersei at 1820 A. 1150O A, 1283 A, and 1080 A. Thef valises were 0.0015, 0.0211,

* 0.367. anti 0.1 re-peetively.

'rise i'tronge,4t band areas foutndl for ail-orjltion %ere observed to lie at 1178 A isith an ab.orptiiin coeffi.

cient of 3010 (-n-! at its maximum.

195$)

* ~~~Igo(t G1.141.1 4. F... %N MOLLERtn.;. c. ni., 'Tl Near-Infrared SIwetrun anti the Internuehear Di.tanve of Nitrous
O xide." J. Che'm. I'hvs. 22. 275 (195P).

The aluthior- ha'se remrt'm tile retuht Elf their stuldy of the spec~tra of the i.,otopit' mixture of nitrous

Oxioude. N, 4(1 ' and N "N 4 ); . F'romn the Bi, values thle equilibrium internum'la l~aie eefud rl
% internurlear iitancve. N - N i!4 givsen as 1. 126 A. anti the N - 0 distance 1. 186 A.

H 44rTECi. P.. 4n usN N,-a. S., "I '1hiiin of N~trotms Oxide in ft- Atmosphere." Phi's. Thv. 95, 320 (1954).

Thle aijthiir. uIgt-t that tile presence of nitrous oxide in tile atuospliere is (tue to phlotoclhemical

equiilibriumn betiueen nitrous oxide formation and nitrous oxide deu'onpositiorm through the following
mechani.nn:

N, + 0+ Nt= NI,0+ M(
*103 + hy = 0 + 0 (

0) + 0+ N11 0 O +MN (I11)
01 + 0+ N1=0 3 * +MN (Mia)
N'2 +03 = N'20+ Ci ([a)

'N20) + hv,, = Ns + 0Oor NO + N (IV)
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Reaction (1) almove w~as accomplished by the authors and relmerted (J. Che'm. Phi's. 22. 758 (19534) to
ha%'e a heat of ac-tiv.ation of oni'. about 12 kcal. Assuming thme ounk of time light quanta absorbed by ozone

as. hse., 3 5 1011 czn2 iec the nitrous oxide production %eam cal i dted, and, in turn, was fecuril to be
em us.a lent to the plioto-he in ival decoom iheitio n in the statioenary state. Another poessibele tidt'tioiI of nitrous

N.oxide in the atmosphere being in%.estigated by,. the authors (J. Chemt. Phys. 22, 933 (195.1)) i6 itt. formation
from nitrogen dioxide.

NO, + N =N,0 +0.

211 IKOFF, M1tRRAY. AND ARCI1ENBRAND. LFONARD m.. "Vacuum Ultraviolet Photochemistry. 1. Nitrous
- sP.Oxide at 1470 A.- J. C:hem. Phi;s. 22, 1680 (1934l).

or'. The authorso report their studsy of tie 1)hetoli ,is of nitrous oxide (N20) at a wavelength of 1470 A, The
light soiurce emplo~ed wait the radiation from a xenon resonance lamp1 . The authors suggest that frora their

e~ studyi of abso)rption by N20) at X 147 A and in the spectral region 1950 to 1850 A, nitroust oxide dipoeiates
into molecular nitrogen and atomic oxygen. The following mechanism is considered most fav4orable for

this dissewiation.

hr0 N,0 - N, + 0 (1)
;!:_00+ N 2N0 (2)

0 0+ N20-sNt+0, (3)
0 + 0+ I 02 0+ NI (4)

The quantum yields were determined to be, N,() 1.7, 0, 0.5, and NI 1.4. The quantum
v ield for NO was found to be prestsure-dependent.

ZELIKOFF, MURftAT. AND AACHrNRAND, t.EON4RD M., "Vacua M Ultraviolet Photwehemistrv. HI. Nitrous
* Oxide at 1849 A.." J. Chiem. Phi's. 22, 1685 (1934).

* thein this% second paper 7elikoff and Aso-henbrand in the study of the photochemistry of nitrous oxide in
tevacuum ultraviolet employ-ed a low-pressure lig are as a source of radiation. The quantum yield ratios

reported are., N20 N, 1.24; N2() 02, 3.4-6. andi N20 NO) was found to be p ressure dependent. The
evdneobtained from the spe'ctroscopic data appears to support the assumptiktn that initiallyteprcs

of photodisso-4ciation of NIO leads to the formation of nitrogen molecules and atomic oxygen,

- NO - N, .+ 0

and that nitric oxide (NO) is produced by the reaction,

NtO + 0- 2N0.

F ~.'*'1955

*AMAT. G.,.EARCHEWIT, P., AND .RF.NIER-BESSO, -L,"-rlmnaySuyo h Spectra of N0 uender
* Great Thickne between 1.3 anti 2.5 is." J. phi-s. radium 16, 16 (19.35).

The authors retoirt a pre-liminary, study of the vibration -rotation sApect tra of nitrons oxide (N20) between
- -- 1..; and 2.5 a. A brief description of the in~trczmentation is given. A certain number of new bands of weak

intensiti were oh~erved. The determination of suitable frequenciesA of corresponding vibrations permitted

the calcuelation of vibrational constants of this molecule.
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orEE A NOV1, H. J.. "Mercum I'llot( ctioitizetl i)v)flipokitiotl of Nitrous Oxide." J. (Ywmn. Phvx. 23, 3203
(695).

Tile decompo si tioin of nit rouls ox ide in dutced km d irect itot oclie i ecomI011posiion in te f a r ult raviolet
is briefli re% iew ed. Thle inve~tiga tions of MIacdonald ( 1428~). No% e 1937) iil Ilenriquies andl others (1938)

are cited. According to) /.likofT. N%~ atzmnahae, and Inn (1953) tiai'-hlcelectronic levels (if nitrous oixidle

are repulsive and the folluowing are possible prinmary prot'esme..s

N-)- + ho - N, (' + o (, 1), or IS) (1)

-- O N4+ hy- No (2) +N (IS) -(2)

e: Noves4 (1937) considered tile large amoaunts of nitriv oxide produced to be thme result of time reaction

N20) + 0 - 2No (3)

and concluded that the primiary prooess (1) was accompmaniedl by (2) and followed by time reactions

N +N 2 0 -. NO+ N 2  (4)
N + wall - IN 2  (5)

The experimental instrumentation andl proceduare of the author's method are described in detail. Thle

reactior wag studied by analyzing thle products and by following thle change in the amount of transmnitted

r fighmt during the process.* Nitrogen and oxygen very close to the stoichiometric ratio of 2 :1 were the major
and almost exclusive products of the reaction. Time fol lowin g Itwo prima ry processes were c'onsidleredl possibtle.

lg (3PI) + N20-NO (27)-*+N (IS) +Ifg (ISo) (6)
jig (3PI) + N20 - N2 (12:) +4~ 0 (lP, or 113) + fig ('So) (7)

It was concluded] that reaction (7) was by far the predominant and possibly thle exclusive step. Thle
author states that the results of his present experimients su~ppo~rt the view expressell previously by Noyes

(1Q37). There was indication of recombination of oxygen atoms. Tile latter reaction was catalyzed by the
small amounts of higher nitrogen oxides formed as secondary reaction products.

:el KA UFMAN, FREDF.RICK.AND KELSO, JOHN H. '-Reaction between Nitric and Nitrous Oxide," J. Chzem. Phys. 23,
0t2 (1955).

Reference is made to Musgrave and Ifinshelwood (Pror. Roy. Soc. (London) A 135. 23 (1932)) who first
studied the catalytic effect of nitric oxide in the decomposition of nitrous oxid~e. The temperature range of

the present investigation was 924 to 102801. The reaction was found to be accurately first order in both
NO and N20. The following table is included.

Determination of Order in N,O

T -924'K P.. 100mm fig t30 we

P0 , mm Hig

P5 1o wi Hr Total NO blank AX 10'

25 0.491 0.059 03432 1.728
Jk-50 1.024 0.164 0.860 1.720

100 2.224 0.460 1.764 1.764
200 4.70 1.29 3.51 1.755

The order in NO was obtained by plotting I t X log i[N.01. [NO 1 8s pNo at constant p,%,o The
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authors conclude tha, the importance of the NO catalyzed decomposition of NtO decreases with increasing

temperature. the activation energy of the uncatal) zed reaction lo'ng greater than 50 kcal.

WALLER, W. C.. ANID G. L. WI:sI$ISLE, "lhotoionization 1flicienev and Cross Sectioni in N20 and NO,"
/ '.'. J. Chem. Ph.,s. 2.3, l462 (1455).

/ .g" The authors have reported in the present palpr preliminary measurements of total absorption cross

sections. photoionization efficiencies, and ionization cross sections of N20 and NC in the region between the

ionization onset and 687 A. It is stated that ab,)rption spectra for N2() have been obtained to 850 A by

Duncan (J. 'hem. Phys. 4, 638 (1936) and that absorption coefficients have been measured to 100 A by

Zelikofl. Watanabe and Inn (J. Chem. Phys. 21, 1643 (195.)). No absolute measurements have been pub.

'S. fished for the region of the ionization continuum of NIO. Watanabe (U. Chem. Phys. 22, 1564 (1954)) has

reported absolute absorption and ionization measurements of NO in the region from the ionization onset

to 1080 A.

The authors in the present letter to the editor have shown the photoionization efficiencies of N20.

An ionization onset was obtained at 965 -4- 5 A (12.83 + 0.07 ev). The absorption and ionization cross

sections for N2O were observed to be independent of pressure except for four lines at 770, 707, 833 and 843 A

where the cross sections increased with decreasing pressure.

The ionization onset of NO was found at 1347 + 5 A (9.20 + 0.03 ev) in agreement with 9.25 ± 0.02 ev

reported by Watanabe. Fluctuations in the cross sections with wavelength were interpreted to indicate the

presence of diffuse bands in the region below 1000 A in agreement with absorption spectra obtained by

Tanaka (J. Sci. Research Inst. (Tokyo) 43, 16 (1949)).

2.2 NITRIC OXIDE NO
1926

LEIFSON, SWMi I) w.. "Absorption Spectra of Some Gases and Vapors in the Schumann Region," Astrophys.

J. 63, 73 (1926).

In this study the author has reported his results of absorption spectra of gases in the Schumann region.

In regard to NO absorption measurements were made at pressures of 0.01, 0.1 and 1.0 atmosphere. A large

number of narrow absorption bands was observed and photographed. The spectrograms for NO are shown

in Plate IV in the paper. The bands and band groups are listed in Tables V and VI.

The instrumentation consisted of a vacuum spectrograph with an absorption cell with fluorite windows

built into the discharge tube. The fluorite window transmitted the hydrogen line X 1215.67 (Lyman alpha)

-flwhich was apparently a new ultraviolet limit for the transparency of fluorite. The author acknowledges his

.. indebtedness to Dr. J. J. Hlopfield and to Professor R. T. Birge. A list of sixteen references to previous
"investigations of the gases studied are included.

1927

BARTON, HENRY A., JENKINS, FRANCIS A., AND MULLIKEN, ROBERT S., "The Beta Bands of Nitric Oxide.

II. Intensity Relations and their Interpretation," Phys. Rev. 30, 175 (1927).

In this paper the authors report their results in testing the equations of tfonl and London (Z. Physik 33,

803 (1925)) predicting the relative intensities of band spectrum lines with the beta bands of NO (P -- P

transition), a system emitted by an odd molecule. Both comparison of line intensities and intensity between

bands are considered.'U

"i, q

• • ",~. . .. . .. . . . .....,.. .. . .,. . , - ."
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JEN.'KrS. FIIANcis A., iIAITON, HtENRtY A.. AND) Mt 1.1.1h IIN itOiwlT s.. "The Beta Hands of Nitrie Oxide.
1. Mtea.ureriientsa and Quiantum~ Anali -is** IMns. Yet'. 301. 150 10Q27).

U 1'~~~~his is an ex ten..i e anrd use ful papjer' 0iio the' li.. n. - tructulre andi wa ve-nulm her dat a (if the 0.ba ro s
of N I . Tlhe spect ral regio n XX 23001 A to 5300 A(A ita I * to gra Iplivi I in I lie- second Iord~er oIf a 2 I .foot How a lnd
coneave grating.

Various cons~tants of tht nitric (IxadIlevoih. 111 Iitas moment of inertia. internuclear distance, are
includled. Thle experiment al prowedlure is ic-uriblu iii I. -tail. The anialyvsis of thle band structure and the
dev~rilt io n of the ha nds reveive extveliue uilisvu,.iu If)

* -19:11

t.AIIH'i' ~1U HIlt. pect ro-cop1 i( In' u'tigatiouru olf "itric Oxhide arid Nitrogen Dioxide," Ann. /v I,fl (her. 10). 95 18 t (0930).

* ~ ~ Ti isa i- nuxtenive toli% (if the ali-orptim pul hevtra oIf nitric oxideC and nitrogen dlioxidle. The absorption
* spectrum 1w""j" ~ilut0uuraphd ieu 1,rju a -mnall quartz swectrograph. Illydrog~n was useud as a continuous light
* souirre. Th kwctra of No) Aai folund to have, tu~o s%,tein% of douiblets. The most intense was the -y-systeni
*extvildiri fr..~ PI 38.01 A to 1871 A~. %hlile the 0-. i rededll from 2210.5 A to 1908 A. The coefficient of

absorpltionr If N4 ) 14as Ieterinnedl between XX 2100 2101) A. It was found that the introduction of a foreign
* gas caunsedl an increase in the absorption coefficient.

The absorption speu'tra of nitrogen dioxidle (NG.) was also studied in the ultraviolet. The spectra was
* found] tol coInsist (if t140 %ide lbaiids duie to nitrogen tetro. ule (N0 1 . Other bands were of a complex structure

and %~ere attributed to NI l 9 :

KAPLAN, JOSEPH, Repulsive 1.nerg-y +se in Bland If.Ctra." Ph vs. Rev. 37, 1406 (1931).

In this, paper the author gi~es an expulaniation for niany cases of ainomnaloust intensity distribution in the
* h~~~and spect ra fI~li at .inir molecu ales. Somhe iuf the Ix am1 les d iscuss-ed are: NO, N2 and CO.

The following, value.; are gi%#-n for the heats of flisso .iation of N., 02 and NO: N2 = 9.1 volts, 02 -5.06
*volts, and NO 6.15 volts.

In regard to nitric oxide it is stated that the beta b~andsof nl fitric' oxide po~ssess a very exceptional intensity
distribution. ITo explain the~e anomalies the author p4*tulat"s an interaction between the excited states of

NO on which (xhe beta -hands arise and the fleitler andLnlnon level eorresponding to the coming together
q of normal atoms of nitrogen and oxygen. The failure If the beta hands to obey the Franck-Condon rule

for band intensities is given as evidence that the po~stlate is correct.

193.1

FLORY, PAUL J.. AND JOHNSTON. HERRICK L.. "The PhlotOchemical Decomposition of Nitric Oxide," J. Am.
Chemn. Soc. 57, 26,11 (1935).

The photochemical decompo-ition of nitric oxidle I~ v radiation from the mercury arc and with sparks

between various. metal electrodles. and over a pressure~ ra pie from 0.02 to 7 mm was investigated. The metal
electrodes employed were: aluminum, zinc, cadlmiium, n ,i'kel. copper and tin.
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,,TllTe authors conclude that tihe inal deconill.mitim irilpromlits are nitrogen and xmygn. The latter
*'.+ smubstante is renoi ed It reaction %isch take" plae during eonmjr'.ion of the gas in tie McLeo,. gage. The

OiCce.s-ive vtoicltionitric rea' tions fur tie .ecu'.imim | n lanisni are gien as ftllowm

N) + hi -. 1 2 N2 + 1 2 02 (1)

No) + 1 20: 1 N() (2)

"Ig + N4k - IlgN . (solil) (3)

No radiation i'le i X 17510 A as con-idered to enter into tle lhotoche mi a I reaction cell. The list (of

i'ilters containing molution, of in li mil tichloride and annmiiiniit hydroile plaes tile t'lemtive radiation 

from tihe nmereury ar' tlm..I X II) .\. The m..e of a iater filter gaie indiratin that tile- effectise spectral

rtgion i. in tihe neighl.ri..l of X 1830 A. "rhe -tromng resoian'e line at X 181.) A was rihd omit. It isas

" X ... iicon ellu!dd that abirptii in tih' ( 1. 0;j Lahm i i t'itrii'oxide together %sith sione aborjhtimn in thine hands ofh' i tIte 3.s% -tent is a,' remi ilo, i' for tihe' di,!'wiatiom prowess. Since the aeti.e radiation is in a handed spectral
region of nitric the di.oliatim. pr'. wa- 1ihogit ti ie ,moe of prredisoiiatihn. This interjir-tat.mn is

S ,* spiipported b%, t me in-tigations if Kajilan (IPh vs. Ber. 37. 1106 (1Q31)) since it agrees witi tie esidence for

preis ioiatimn prouided by the enmitminn' ?lmmtrum of nitri' oxide. Several stoichiornetric-ally possiile

se(oudary pr'vesis are alho conidered all of which were ruled out front experimental and theoretical

considerations.

MELVIN, EUGENE It., AN) WI'F, OLIVER It., "Ultra'violet Absorption of Mixtures of NO, NO, and llO,"

J. Chem. Phys. 3. 753 (1933).

Inclided in this paper are three speetrogranis -imoiing absorption band* of mixtures of NO. No. and

If , 1 t. gether iitm effects prodced l m i tile alilwaranc cif time aborpti,.i band.- by (a increasi ng the amomint

. mmf itr..gen dioi.de. (Ih t)Im' effect of nitri' oxide. m' the efTect of increasing water. and (d) the effect of

•~ "-iiiria-mmg tnimmperature. TI'e cnditions for obtaining thsie picturm's are flly des'ribed.

T'h authors rai-e a pertinent ,IUeP'tion as to tie N2()3 ontent of NO 2 ." In a mixture of pure

2N I- N2O, as one can prepare there exists time following eqmiliibrimn:

2N02 ;- N0s) + 1 202

].1' 19.38

- KAPL.AN, JOSEPH, .Tie Preparatiop ani Properties of Amiroral Afterghows," Phys. Rev. 54, 176 (1938).

T' preparation oif amiroral afterglows showing the various stages is described. The dhischarge tube

, *.ii e'." con,isteI of a central p r,.x or mlmartz bull) (100 nil to 5 liters) with py-rex side tubes which contained alumnineim

electrodles. -- -

*:]: Five ,li-tinct !tages may usalhl be observed in the preparation of time glow tube %hen carbon and

.." oxygen are prenent aM impurities. Tlte-e are called (1) the ozone stage, (2) nitric oxide stage. (3) cyanogen

stage. (I.) Lewi'-Ravleigh afterglow. anti (5) the auiroral stage.

" " The afterglhw of nitric oxide (NO) stage is [)ue in color and its spectrum is charaeterized by the presence

of tile d-banls of N( ) in the si-ible and ultraviolet and the -y-banIs in tIme ultraviolet. Photographs are

.houn of the afterglows, one of ihich includes the nitric oxide stage.

. .j . . .
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1939

CU :*i~i. s airy Spi''rt-'oi and ( )her U:% idt'nte as to C2hemical Composlition and JDiz.otiation. Tile

* ~Upper .Ataioliere.- Quatir. J. IRov. A~t'fl'tlrlI. ,;oc. 65, 31It (193w)).

lit this pialer readl at tile Jinat Mltetilig Of tll' ( heii'l (S'itVi. tit'le Ph~iV.- Soity. and the Royal
Me1*teorolout gical Soi o 'a t in I %1;1 110 '39 at tilt- lo~i ins li*t itu tion L.4ondon, ( lapaaaan dist'ummcd tilt- problem
of tilt cilil a u i l if thle at oat ,jilare a hoie IW ()or I 50 kill a It it ideI.

Ei idence frtwm tilt- .jiec'trin oif the aijitral light. % hih is emitted to strong t'evitation of the air particles
- f-tmii ig orlp te Eiiio raa i o.~aaSItint' -ia te that ever %where uil to 61H) km hn ami

* jihere a- a ,ant'wra -OXv.-ri at't-u-ihiere. Both tile auromral andi night sky e'nission tilwetra show bands due to
mot lecul ar alit rtwIen. lit it aeuatrail and i itilli/ct I. Thela a tatlit r st at es that linaes tl to atomlic ox vgen are prowl.

nent iii bothi tilt alight .kN antil a taira I it ra. baa t !iandtil iti to moalecu lar ox.y gen are missing in both
Pspet'tra.

*K %ina. %N. Jo,-fvi'It. N it riv )xilt- inIi te Earth- I jlter- .taaatujhiere." Nature I 11t, 152 (1939).-

lit tis letter t lit ,,,re tlti aaathotr sta tes that oaae oif tile miost cnpitou-1 'haracteri.stics of nitrogen

afterglo spetra is tilt- intoa-t'4 0-Witatitin of tht' 4- and --sstens Of Nt) in active nitrogen even inl tile pres.
slice of till v a t rate OfC ox %Igel. 'The 4.liaaatI are- mtore intense. TIhe stronges~t ien rsof tais iseries 0e0o

the( loing %aii'ltngtll siile o tite great Hartley absoirtiona banid oif izone, while the -y.bands lie on the short

wave'length suie.

* -A spet'truim of ant aftergltow proilaaced liy passing an extrenehv weak ishisarge through nitrogen at a
pressure of I0 motn is hoatin in tlt- paper. ~Te nitrtgean contained a trace of oxygen. Thle strong auroral

afu'ghtwaps'rttll~ai~ig srn l-ehargt -lIesetra oiC thet stroa and weak afterglows were as
.,v 'sI'ira

* * diffi'rent as tliii-e .if the ainilra and tilt- light itf thit niigiat sk.Te N'egari-Kajilan handls X 3t67 and the
* green aaritiral halle are, strtll- in) the iieik glow hut almttst aibsen t from the strung afterglow. Thle latter

consisIs of biallots ti piial tif auaroral spectra.

Tlhe NI ) lidi uert' en tiri'Iy, abs.ent frotna tilt- strong. a fterglow biut appeareid very stro~ngly ira tile weak

aflt'rglfiw. F'roma these laltiratory experimaents thtailt itior 'onc'ludted that nitric oxide bantds are piresent an

thle light tf tilt- night sko, but are ntit ob-er% alil t'Iit, to) tizone ali-tinjtion. It is al~o poin~tedl out that nitric
U ~oxitde must pla% an imiportant piart in exctatioin provsts in upper ataiosphecrae spectra. 1 he following

proces-A is postuilatedi:
*N NO 0 (IS) + N ("I')

The' all t itd otf 25 kai, th liheiigihttt i maxi na mn ozoaat concentrat iton. is s-ags tt'i ft r tilheai ght Of t~t s i)

1911
____ ~ ~ ~ ~ ~ ~ ~ ~ ~ ' !ii; _. ia'~ .a. xa .:Mh AmITh~pertruun~tf th Mh kv$LA -stropavs. J. 93, 337 (19 1l)

C.T. JI'tsl r (31) reactin.li

In regarid t., thet N4 ni'Aihue tilt aiit htjr' state tflat tilt- upeitriamn of the NO molecules has uisually been

co ns-ideredI to t i -i friom t hi' n i-lit - .inli Ct ii follinzi tablde tile aitlior , give coincuiden ces of nigllt

(3 12). 33113 3298 3 (3) %idr diffuge

(0i-H), 3375 3378 2 (1) witi vittlit edge sharp
(1 10t), 313 t31641 1 (2) natrri~w

I%
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It is stated that the presence of the ilt-iiands of N) in the niglt ky is not am-ertained. nor ha, it been

excluded. The excitation Iotential i, .5.6 ,iitf,. Tie - -IandI- give ,'oincidlence. j. li.-ted i in .tie ah1e tabe..

Il. iie er not too inuch %%eight loul Ibe gie. to the..e voiinia'iena.es. The excitati I potential re.aipired i.

5.5 %olts.

r912

* EIEY. C. T.. °'Ihe Light if the 'Night Skv." Rer. .Mitt. Phys%. i. I1 It (14)121.

'his is a paper pre,eteh at the Conferenee tilt SpeItri'.o(4Ip hed at tIe Univer-itv of Chia'ago 22 25
June 1912. The author states that in the short wavelength region in the -pettrunt of the night sky mno1st of

the radiati4 n'. hale been accounted for excep t for tihe It ngest bani iii the Iltra% i'et region 161i'h im still

-' ,. silnoue hat uncertain. Thee radiations are a i.,at4 'ja It' Iith Il.lcoule, a1l none 1itlh atoms. T lit irg,.n
nlnolecilhI is til, principal tl lcontbtor.

In regard -) the oxides o"f nitrogen H[key state that only one. N ). -enis ti have ally tl prba hilitv ol
being preeienti d in the s pectrum of tilt, non-pol.ar aurora. Both the 3-band and the 1-landh of No) lay

be present. The excitation pltential4 for these are 5.6 and 5.5 Ilts. respetively.

In summarizing the paper the slwctruni of the nin.14ar aurora inilicates that the following excited

atoms and molecules are present in the upper atino,phere:

(1) IS and 'D2 states of oxygen.

(2) 2P state of sodium.

(3) The A II 11, H. A 'II states of the nitrogen molecule.

(4) Probably the A I and the B 2H states of the NO molecule.

(5) 11 1 state of the oxygen molecule.

(b) Certain exeited states of the water molecule.

BAMIFORiD. C. It.. PrPhoeoshemicaI i~re'Cses in an Oxygen.Nitrogen Atmosphere. IV. Nitric (xid,, Relmr, .
"Prog. Phys. 9, go (1912-13).

r/ 'The absorption spectrum of N) consists of a nunler of bandI systems from X 2230 A to shorter wave.

j i ltngths. There is no evidence of a continuum (town to about X 1300 A.

R Reference is mnadIe to photolys is studies of nitric oxide I% Macdonald (1928), and Ilory ant Johnston

1935). It wa- sIlo1n by Florv and Johnston that the rate of deomiosition was independent of tile pressure

of NO, or added inert ga- (N,!). whe effective 1avength is 1832 A at l4w pressures (-band), %hile above

33 mm If- the wavelength 1849 A (0-band) becomes important. At low pressures the following protess

occurs:

NO + h- N-I- 0

This reaction requires about 122 kcal, corresponding to a wavelength of about 2320 A. - ..

PE RSEa. i. n., "The Spectrum of the Night Sky," Reports Prtg. Phy vs. (london) 9, 42 (1 12-43)

Apart from tile atomic lineA in the spectrum of the night sky. prohably lno-t of the remaining radiations

are due to molecules. In regard to the presence of nitric oxide in tile spectrum of tile night sky tine author

states that the bands of tile -y sy-tem. A 21 -- X ?Il of NO are degradeil to the violet. The system is readily

obtaineI in the laboratorv in a discharge tube; however.all tie -trongest bands are too far ti) the ultraviolet

to provide a s-niti'.e test for NO in the night sky. The degree to which night sky bands. of approximate to
A .

.. I

S -d., % . . °.- .- . . -.* - . * • ° . -. . . . . . . ° , - ° o .
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iiii.4'Iidiild, Ini l~i t~ 1% . .tii.f N11 arv gi'.crm ii Tal-de I in iI, gpalper tosgethe.r hith eotlrr ntolec-ular

rki. It . . 'As- jStiii t %jtra idi A.orissirj ( .iiseuli ti %tinow-phderiv (;a..e'"Rpe Iro~ I'h

The .dbjeot of tile pre..eit pa~ccr i. to re'. i the %or oti th le~ .c troi i s;Mctra andi aboorjptaan riwflacaents
A,( ltew atillis..ri, gases.. The. (ili,%.ilig~ o(idr5 of niitrogenc~ are issn-ulsrc,: N,( ), NO), N4h.~ N,04), Ni.E anti

Nitric uimdr mal beiti An Aell nslmrtant atnii.1 hs'it, ssn.tjtuent. oir it is. (sirniesi fronut the pho~to-

tj.-iwiat~ion osf flitrs is olu.I. anti lis' Elst e savEii of mroii. oiolv ttiilevi I e %iti It oigenf iii teI prinefl of a

thirsi itmo% Al-o an's riltrsgen di'sit N(E prre-tel in the atiis-jihertc i. JiLvIv ti he coi'ertesi to nitric-

esus e. c'- Iii .I, thrig sla. Nt iii. The. E s0Is hIiig rras-Iti Ion io probuale Aitla high ligh t initen ities. and low

NO - NO+ 4)

Arvoriling lit lef-sin Ikirspk,. J. 3 (191i lt- alorpjtin sojwu'truln of nitric oxides begin, at
2:. 0 A. In like neighilu'wosl tof X I Wit4 A~ cc, hif+ -orrvqxusind^ to the Iir~t ionization po~tential for NO, 9.1 ev

lte hansi, are %eaLer anti crursded tsoget~e;

TIhe author Pstate-i that thiere is. no pjh,,t ionizatiosn eontinii here anil litle ab-orption to shborter wave.
length.. % rnevhani-mn is. ̂ os~p'str I iii .hielii ntrsgen molee'ile.. combiine %ith oxygen atom.s to yield nitroUit

oxidue. TIhe latter giisei. nitric ioxi& vitht ,i sP% pshs toleniaI iii'coiiijaiitin oir by cohi-ion with an oxygen

aton in te. Jire-essr of a third The.~lii nitrie issule thu. formied sleciniso-w*s photot-heinically to give

moletIsidiar nitrisgen anti osvgen.

1911

4; , 1041N, A. G.. v'.t PEN %1I "ss e.The IDi.ssotion 'nergie.4 of CO, N2, NO, ansi (:N," Proc. Roy. Soc.
-~odo i' A lInhi l3. 371 (1') 11).

III this 'snsrisa i thle jisit~sr. tjte that no wevioutt Pet of valuies of the das.mwiatiori energies of

(A 0 . N . N4 14 Cd N vats lbe regarsi. #1 .iA .ati-faetory iinless Iviolationc of the nein.cro-%ing rule are postulated

Th Iii'lrpe..isun-r r''tradw~ioniif a. th-r.-e . By tlii methodl when a number of vibrational energy

Ic~I .. 4. a1 nilei-il.i r !.sts asre krifh n. es.'imnosla Ii n of thi'.. level, tic the convergence limit correlated with

ltthriesrg of shj.., ;.siin 411 thiat pi. fissilar '.i, ;po--ile. The authors4 conclude that there iso little

Ps ifietees. t hat thiv& mv ifr.h oll Aer Its l. hhr-n cr.,Would I,., seriously in error for groundi electronic--

The noto-~i; ruls' of flsi.. anti Ne.'srn-nn anti Wigier (Pkv.. 7. 30, 467 (1929)) ict dis*cuitoed and
illsi-trate'i. In rcarsl to tie .i.;;kam (if nitrie sixiilr it i" linkedi with that for nitrogen anti oxygden by

Fisrnisshiernieal 41a ).. rib. .1 1., ky.sh .nil Itos-ini 'he'herino-chemistry of the Chemical Sub.
-tjF)C. .' No' % Yo rk.1 liinhrl. (14e36ti

'h~~is li h~-...08. .. ~ EN v.(i.~, tne value oSf 1( N0) -6.19 is obtained as compared to the

I-',", r .. j~Iue of 5.29)g'ts b% isrr~ h.:. ( 1930).



fjA NsisIt I tit. Pkto .S. Stss'. (ij'"ndsa *A, Ito) (1911)) ias s'tudieds tira' ssveral [)anti s".-sltarns' emittedi by NO
______ ~ ~ 1,1 sirs '5 till losictiiai s'It'7r' ctirl ., f'iss all Ilia' Itisata itrt,i issates'. 'iT'e ne% a lssa I ),N01 in tiie ra'snt

he~ is. pa is. Alto a*all tihe Lotss,% is v'ssarp .i's It- . fs i t it'- 4. -yansi A'' Poo stita' Thea nits itt si angt rthia' isa, taccord.
11i;.i1. n,i , 111,11i' Is s s t'l i 'A .,114s%1is IIN' IsIIlCAssIt I to ria''iitia floor tha li ow vailuea 5,291 of I I ;.'r)#rg for D)(NO).

sI -1ills III, H Is It AN I). -%1 icri uls'ta'rnmmma Iisn sal' NitIriv ' lill's sl ;inGsst," Alndi. (hanl. 16. 76 191,).
Simt ' ittric- otlsis is ins'sdsiisia anti ga'naraills mart in chIarmst' h stasistsat'mrama nssle

lot pt5 t its' ga- thrisighit i alkaline $iitAriganihts' mititio in aat hfloot~Nliil iia'igfl5's as'rtibbe4r. Thei nlitrogenf

sii1,sis ,sittaiit' 1r-oasm tisa fs'aiaiaa isa.. a azdI ii tits mi.',., 1)a".arsa inestitsoll 'sotiih is ia'ase'rlias' by
P's *.'.isasi lit till- paltjer Iismmedsiate'ly prev'esing ( 1 tal. Chi'sm 16, 7641(94)

a ra lara'- .sis.rt' s-a'se thae nimill rsis'gt lgaa. a toartimsasrmedi otic its'i all-aw ir.s n boris' as-a ils n titrated
%ohlt 1.5 N it I tas briarsnss-rs'a'aa gres'nvtma'ti re's a'ns-ijtnt. ih'm-rittiis ofl th iti 'sssriiitentai apjaaratums.

jsrt.'ssissrs'. 1srv's-sit amnsi ass'ssraci * interife'ring uhil-lanc's, ansi s'alsthlatsimm art- gille "in destail. For the
iih,-t lirrva-~s ii a 'stcrao-'i the ,iisampl ~imsmisl ito- large. a'naamgh top contain noat Ia-. tan 0.25 trig. of nitric

411.c Fh mehm hlt~' art ds'i'5rd5' anti jarsai-iton of ).0j4) cnt

1946
Rf,'T~ Pl. H.. kI) tlsirEy. it. 4. w., 'Tito' Blasic Reactions, in the Ujpier Atmoaphere. I." Proc. Roy. Six.

las tu-i~i a'r ths atithssris al-tm.its' ftsnalaniantal pmr-ss' timat mtight ha' ivoked' in thet properrties'l

.0 Ilw is((ssr titi-p~hesrs'. tita' issttsajtlssr andu tts' iigit .ks s'mas'-aan. It i-4s atatedt tihat variosus diatoic

it s~ Isf .i tig)e' mimght beisa '.sastad toa na's'mr in tire smpli'r atnsssojalss'rs

(1.ss i 4-11-1us1sit ari-int irsits itrisca' oiis' hia e bseen re'po rteda in t ise nightf sky' a'sect rum a. rea at its ar'

-fats'~~ -,.15(-s'j '.la'na't' adtim. s'usi.-.it ofthe ~Schumaann. It tnge [;analis (11~ X of) sa 2,O anal posA0ibly
t 11 11 -iii~ X '-Ii) anal 7 (A 12- X "11) bands of NO. There art' a number of unidientifie'd bands

.h rather -l. i:Zsas at X 35-36 A.

M41aN 1.1 -.'.It. V.. 1. m.. "Tme .1ia'i'hanip.', of Isono-spherio' Ionization," Prom'. Royv. Stx. (JArnsion) A 187, 414

Inliti Iwap.r tlue a it ls r sli-is -c' avlailabils rns'aha n i ~n, fosr t its' 1ssu stat m-isn a)f elecat rons in t he E. F,

and ti'. ren~ 'm - if ts' isanis-jthitrt. Amoang other -assrces' of elis'tron-. in tha' F, ia.er, nital.' oxde i's briefly

* ~h li(r-1it psni/a stin postential of nitrir oxidle i's 9. 1 V, bait the( ionization cos-ntintuumn hags not been observed

I,. Pic P ; %aniatonoft -2N ab"orptisn -pect'rsum withhighm-iperston h'. Worle'y ansi Jenkins
f .- a- 5 . 305 1I 19311) revealed an ionizatian c'ontinumum at tse fir'st ionizatiosn potential which was

b t sv ns' li m s' ha sa i t n st t x. r a c r l to P r i ac a n ti C o llin s ( P h y .'. R e . -4 8 , 7 1 I ( 1 9 3 5 ) ) t h o u g h t to

It 111;1% a14. tilist lsigha'r ailiersion may re"v-eal a c'ontinutumr foar NO, A 'sinale liansi in the 'spec.
trm isf No I iaQ Isa'sn aahs-rvra'l i'. Difafie'ux artd Griilat (Compt. rend. 202, 937 (1936); 205, 39 (1937)).
'111' .- 1114s hets':i i- 1999A. If thusbanal -a tran-ititan to thle ground state, the s'eronal iokaiiatiaon potential

- .. of No) im at 11.2 V.

X'
% '- . - '' *

'~a~~a.'.A ~ - .A..J ... ...
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Nitric oxide %souldl bet di-triibiiet l'~ 1 tllelntiall s %ItII, hi'ghit it, all iNothtrrlial atmnosphiere in %ich1*1 there
is no ch eill (he intouit ofj i i~.4ai~ ~ljtln Ii ln tratjnn of N( ) in ft(-. attiial ,ltinoo
jdlert' ill acuorihugl. lite on anl .'x oential ctir e' at great height. at % haiei' both 0,) andl N: are- flighls. di,,*
Poc'iateti. T[he 1)i1i11ualitil~ (of N I iil 1. 1 m.1411 fau I, ,Ia ure it JO-i t wit5 Il 'FI' Ahee a iorlibn (of tile taeliiii

% ionI wiscih tdi,-i wiatt'. N: begin, to be a lr.'lia hile. i in at be e'~iH'ltetl Ito owur at aillt the altitude of
the F, regionl.

4 19 17

'-'N B riMS, I.It., ANDI MA~SSEY. If. S. I$~. l a-il' R~eac'tions ill ftl VpIH' Atnmjip're. 11. The Theory of

Its fl-u- lt- Ihi...oweiatiin (of' nioheetiar nitrogen, ft-l effect die-. Hja Ii i' rei-o h einiatio %1)11 b5111 ase

radiat ion.

N - 'rim~Th mean rate (if forxllation of llhtrtlgl' atoills in ftll re'gionf of tile. lplNr las ers may be of tile order oif
10l to 100) cc, Psec. Thew formation tof mle(cirntoeni ~tny a tlrlee-bliy Jpr(w5esi, tile coefliceient
for this process is unlikely to be greater titan 10- t'n6 set'. Since tile toltal particle density is only of tile

0") ~~order of 10" to 10'' at these altitudles. eql~libriumin itrogenl moltlecules 5501111 be almost completely absent.

This effeclt. tile altilors state. may have to) be taken into c'ln~ilieration in tile study of the fortnatilon of
oxidels of tlitroa'cn. The most frequent collision a nitrogfen atoim is likelyI to en'outnter is one involving an
ox-, 'n atonm As ii'i wouild lead to) tile formation of nitric oxide. Nitric oxidel, whlichl is not rt'aeilv liestrovell
may be an important clon-tituetnt of tiht u~pper atilt)-spierl'. lucy Swings anti 1inke (Astropkys. J. 93,

33-11 , niPie (Iie'pr Pee. Phi. 9, 10) 012 13)) hav dit'l~sli.el -vli e for the presence of
nlitric oxide in tile upper atnio.-piliere.

19181

G tLHE:lT, NATHAN. AND) DANIEL.4. FUIHtING'ro.,"Fixation of Atmospheric Nitrogen in a G;as Heated Furnace,"

Nitric oxide is prodlucedl bhetng air above 2ttOWC: anti chilling it very quic'kly.. In the following table

* Equilibriium Concfntratie~n of Nitric' Oxide in Air

olTemjwratur.' K, Vo..ilml pe'rcent NO)
--------- deg. K atmont X< 10, 20 7 1%() %0- .

71800 1.21 0.44 0.31 0.22
1900 2.31 0.61 0.43 0.31

204 .08 - 0.83 0.57 0.40
2 100 6.S6 3.05 0.71t 0.53
22(00 11.00 1.33 0.94 0.67
2300 16.90 1.64 1.16 0.82
2W)0 23.10 2. 041 1.42 1.00
2500 36.00 2.40) 1.70 1,20

204 50.30 2.8t 2.01 1.42
2706B 70 3.32 2.31 1.6
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the equilibriunm concentrations of nitric oxide in air are given. For tile reaction,

-N2 + 01 2NO
the equilibrium constant, K,

PN, + Pu,

has been calculatedl acc urately fronit opectrow-upic data by (;iatique, 4' F~. and CIA) ton, J. 0. (J. Al.-
Chem. So. 1I4, 1731 (1932)).

o:GLo-c&9tt u., "Thme Heat of Dissoociation of Nitric Oxide," J. COmem. Phis. 16, 001 (1948).

K:.In this study of the beat of dietotiation of nitric ovide, the author gives the value 6.49 ev on time basis
of comparison of the series CO. NO, 02, OF, its band spectrum andi the pimotoo-hetnical dis~oteiation of nitric

.oxide.'ig tsImrTh mnin

MICOLET, M., "Deductions Regarding the State of the .fghAmophr. Th msinSpetra of the

Night Sky and Aurorae,". Ph)ys. Soc. (London), pp. 36-48 (1I1).

In a paper read at the International Conference on "Tlxe Emission Spectra of the Night Sky and

Aurorae" held under the auspices of the Gassiot Committee of the Royal Society in London July 1947,

Nicolet gave a discussion of the principal procces reuiltimig from photoodism4wiation anid phototionization.

The following reaction mechianittms were given for nitric oxide.

N% N+ O,+ M - NO.+ M+ hr NO + 0+M (1)
N + 0+ M - NO+M (2)

N+0- -No +e- (3,

Front the- abovie reac'tions the concluions- were that in the presence (of atomnie oxygen, NO) is formied.

* . 'liThe NO molecule is jphotoioflized by the folh,14ing 1iro"es.

No + hy (X < 13M4 :i 131 A) - NO+ + i'- (4)

NO+ + h3,(X < 1312 zi 15 A) - N + W~(5

NO) andi 0., are coinsidered to characteriz.e the atinowpheric range o~f the E regrion. The author states that if

* - .,the ab~orption ctwificient for the photoiomiization of IL i- higher than time coefficient for the photomli'-(omiation

thme k. layer i4 formed under the influence of photo-jiheric radiation

10010 > Xu < 910 A. No) is ion ized by the radiation

* 1300 > X .~10(10 A below the E layer.

1919

D:R CND, E., OBERLY, J. J., ANDO TOUSEY, at., --Analysis of time Fir!.t Rocwket Ultraviolet Solar Spectra,"

* .stropkIls. J. 109, 1-16 (1919).

-v In this papo-r th fit<)ar spectra fromt V-2 flights on 10 October j16M, and 7M~arh 191 are anaIhzed.

* ~ The epectral re~gion fromt 29004 A to 2200 hitherto umnobh-er~ed %% as found to lbe imten~ei% comple.x. T[he

~trum lure bet ~cen 2200 .%I andi 234 H) A, time aumthlo rs - t .te. couild not lie in te rpreted im temi-t of atoimivi li tc-

anti ina be vjii~vd 1)h. atmnio-perim' hanil. of N(

Reference is mdade to thme work of Lmif-on(Aitrophv~i. J. 6M. 73 (1926) woshwi that a layer of NO

* only (-1 turm thIick at N. 'T. 1. piroduces appreciabile ab-oritimin in time stronig band rentered at 220tI A. The

%'.

a-i %
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authors obtate that although it w~as not the Itrseo hi ae oaaiz h ~sii~bn pcra, the

band of NO) centered at 2261, A does exist. In Figure WC in the paper densitonteter tracings4 of the solar

pectrum taken at 35 kil 10 October 14)10 :ire shoi it. At this altitude thle re. ilual atmlosphere above tile
sectrograph %as equivalent to about 5 meter- of air at N. T. 1 P. Ani ait erg o ntrato fony00

percent of No in tile onter atilnolphert %ould14 be detectable.

MASSEY. H. S. W., UOYLE, F., LOVELL. A. C. B.. FINIIIAY. J. "i.. ElT AL., "lonizatiogi in tile Farth's Upper Atnio-
phee. eohvical Discus-ion. University (of Mlanchester, England. 2 July 19)19,- Ob62' r -69,

In this geophi sical disco-iou of tile ionlization in tile eartlis uppeer atmnosphlere it is statedl that tile

D laier, attributed to the ioniiation tif nitric oxuide

No-.NO'+ e

-2-ip not asi easily explainedt as the formiation of the F, la~er %shih was considered to be due to the photoioniza.

tion of atomic oxi gen. Withl respl't to nitriv oxide it %s as conlsidiered vcen unlikely that radiation energy

greater than 7 ev 'oliuld penetrate to tile depth of thle D Iai er which would be necessary to photobonlze

NO at this level.

INICOLET, m., '*Le Probletne de., Regions Iooospileriue,' ll Pr'oblena of the Regions of the Ionosphere,"
e J. Geophvs. Research 54, 3.3 (199,

The effects. upon 03. 02, 0, Na, 1120) vaplor. N2. N, NO and Ie are dliscussedl. Since it is impossiblie to
~ A determine a priori thle vertical *iistribut;ori of theo neutral constituents in relation to temperature which is

not Iueli-kn(Iln, %e muist none the less recognize the role of the pihot(ili,4ociiition of 0,),, the maximuom of
which 6s accompanied by a maximum concentration of 4) at abo~ut 105-A110 kmn in the inidlile latitudles. The

*presence of the nitromen atom in the upe-topeei byn obsne its forbidden transitions are

observed in the polar aurorae as well as in thle aurorae of the lower latitudoe s.

From processes of recombination occurring in the region of (L dissociation one may infer thle formation

0of NO which may play some role in the absorption of s-olar radliation. It should be remembered that even

- - with atomic nitrogen present molecular nitrogen does not undergo such complete dissociation as 02 because

N2 bands are observed up to the Iligest altitudes.

The upper atmoiphere begins isith photodissociation of molecular ox -gen which is accompanied by thle

dissociation of N2 and the formation of NO.

1950)s

BATES. D. R., AND NICOLET. MARCEL. 'Ab-sorption Cross.Sectiong," J. Geopkys. Research 55, 306 (19,50).

.,eWith reference to nitric oxide the authors state that although the amount of nitric oxidle in the atmos-

phere is unknown, it is probably proesent. The evidence for this is that No is one of the photodis'.ociation

productis of N-0. The latter is a knowsn von-tituent oif tile atmo-pliert. and is probably more abundant thtan

ozone. No determination of the ass-ociateil eros--section for N( ) has been madle. It is statedl that there is

insufficient data to calculate the attenuation. Ilo~sever, it was thought to be unimportant since solar

radiation has been found from rocke t experiments to penetrate to at least thle 70-km level.

/ I.7

r /
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RATES. 0I. Rt.. ANDI ".:'.TON, x. i.. "Thieoretical Cttnmaierations Regarding the I'iatiotn of tile Ionizedi

La'.ert-,- Iroe. Phvs. -So. (London) 63 It, 129. (19)10).

In add itOin tit ot her inechaniims in ioh ed in t he fo rillat it o f [lit- E, Vi I'.. anti 1) Iase r% Iiv.sodar ultra.

violte t radiA tit ul. thle phoio~ n iza t in otf nitric oxu~ieN is dIPuMet. lTe authr si n ttate I hat it is not
unlikel% that nitric nude is anl impoirtant constituent of tile upiter atmosphiere.

jI~~ As ev~idenice (ti this-. reference is iate to reports by~ Price. anti by Sutherland1 anti (:.illar (Ietsvr.
- _______Prog.pi. 9, 10. 18 (.1412-43)). There is also' reason to Itteit* that atiiniv nitrogen aioiig with atoniit
* ~~o%% ,ten t sciirs in t he iiitjwr at ito-Ishere. Nitrnti i oxi ttaid 1. w ft rineIld o by cheial action. TIhe wortik of

D~urandi. OieJnrly anti loo'ti (,.b4Irqihi s. J. 1019. 1 (1911) is alsoi citedi as pot~ihtlv direct confirma tory' evi-
-dence of the occurrtne of nlitric' tidje iii the tliter atiit-jliere. -. 4, ic-iatstiitre n it te

% trni tf the sun taken during a rocket Iliglit tot a heighit ttf 55 kill a btroadl hand 1,ying Iw-tu een X 220M0 A anti4
X 231N0 A. Tihe% suggestedi that it mnight be caiitcnl lty abt-trptiott It%- atmosphmeric nitric oitet. If this

------------nePretation should prove to be correct tihe number-o %I eioeel Ibiv t-e 11 ki ee u e ofte

order 10" . vnsu columnn.

4 The authors state that lack or data makes it impossible to investigate the -plottoonization of nit!i
oxide sufficiently quantitatively to) establish if it is responsible for thle formation of thle 1) layer. In con.

* I E sidering' tile possibility, the following assumnphtions and conclusions are given.

(1) Consistent with a total NO eontent tif 10'' em 2i column the authori take n(NO)7k4. tohe 2 X 101 'cin
and fl(N(O))s&k to be 4 X 10O",cull.

~()The croso-tection for the proceess-

NI) + h y NO+ + e-

is low according to price (192 -Q1B). 'ihe authors arbitrarily adopt a valuse of 5 X 10-1 cru2.

(3) A temperature of 64HXO*K for black boilv raation is atdopted.

Frttmt the %ork of Preston (Phi'sx. Rer. 57, 887 (19 to) anti of Iloplield (..szropk'qs J. 10t. 208 (1t) 16))

t6t atmnosphere is treated as opaque except for two groups of winudows: (a) in tone, containing L,, anti of' 5 :1
W ~~iadthi. tile- absotrptionf cross4 etrtion is abou)It 2 X 10 21Cm

2, (h) in the other. 20) A width, the abstorption cros.s

Ltectitin is 13 X~ II- cm 2. This gives a phot flxat7 km as about I X 109 cm2' sete and dhit at 91) kmn
about 2 X 10'', cm 2 sec..

Combining (1). (2) and (3)

n(N(- km 0 'cml,'see

Sinc-e the rates a~re conpiderable, it may be that thle photoitmization of nitric oxide actually does yield thle

major part of the ordinary D layer.

BFNITFZ. L. E., AND PENNM:R. s. s., "Tile Emission of Radiation from Nitric Oxide. Approximate Calcula-
J": ~ tions(- J. Applied Ph/ti. 21, 907 (19510).

Nitric o~xidec at elevated tempteratures is enctounteredl in many solid-fuel anti liquit-fuel rocket mtotors.

IBecaus2 of this thle dertermnination tof emissilsitv of nitric oxitde as a function of temperature was studied.
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Nitric oxide is one of tile diatomic molecules which may contribute tit radiant litat transfer in high

- ~pressure eoiiu~tii chambl;ers. eni-siisalculatious for nitric oxide at. tempera tures fromt 3000 K to
300)0* K %sere carried out.

In Table, I and 11 in thle piaper the re-uits ofeffective band1.id iths for the fundamnental andi tile first
/1. ~ -~ -overtone of No) as a functioni of temperature art- listedl for two ifflerent values ofjn., at each temperature.

- ~. . From the data in thes.e tables thle limiting" rmis-al Itles %ere caletulated.

F'EAST, 4. W., "TWO New Se - ml~emi dlue to the MlolesialeNO.- C.an. J. Research 28 A, .188 (1930).--

In this papt-r thle author 111s repoirted hlis experimuents (on the einion band systema at 6000) A found in

dist-harges..in lsosing Not )a 10 attributed to No ) b% Jau.iseranft. 4 rillet, and IDuffieax (Compt. rend. 205, 39

(1937)). The experimental arranigemnidts anid appjearatlee of the spectra in the diisc~harge. tube are given.

The anali sis, of tile OWNI) k biandl - tr a,,1 the arnal,. s of tit#. 11.1000 A baid si stern of NO are dis-
clisfell. lile 11.LOW A band % as phlotographedl ill thae first order of the 21.fsxot grating (2.61 A tuirn at 11,00)0 A)

-anti measured against Fe are' lines in tihe oierlapping third order.

The emission band sistein at 604) A was sliiin to be tile to E 21' (a new level) -. A 2 (tile upper

state of thle -y okvtem) of thle No) mnoleculle. The band sistem at I11,M40 A corresponding to thle transition

D (upper st'ate of thlee system iif No)) - A 21' was also observed.

RATEs, D. R., -The Tempterature of the I pper Atti-1 daere.- Pr-. Phvs. Soc. (London) 64 B, 8053 (1951).
/ In this paper Hates eor~iihir- the heati gain anti hetat loss 'PrO~ss~es iln Orde'r tot determuine if the high

~~~~ ~~temnperatuiire of Ibe at rut - Ihere ini tile- F'ca is .oljti-i-tent isit h current ly acepted t heo ries on tile iono-
/ ., . . . sjiiir-pere. Thlermal eq uil ibirium n in iIhe F" Laier-. rate at ishiich rnttrgv is gained frion ion izing ph~oto ns, and

I ~ - variouls hiss pris'esc- are examined.

L (onli ic ~-ion anti i dioabbI v ci--io n the magnetic il"Jse coninectinig the two lo leel f thI ron
term of atomic 'oxi gen art, found ri.t.,-ffctis c.Ti.eey orehisvrapariniilitto anan

thle high temperature in tihe upper atino-jilere. Sufficient ene~rgy might hel supplied either by [)ani all-

I' ~~sorption by nitric oxidde. -'r hi, i nvonming interstvllar mnatter hothI of ishich dioes not appear attractive.

- I -:.-:In respect to pol.alornie muolecules %hiech are considered toi be extremely rare at great altitudles owing
to photodi-siwaation. enhi-ion from varh.' mnonoxiide (Co) andi nitric oxide (NO) is discussed. If there

is a Boiltzmann iitriiiutiou among, th,i %ilrational lev.el, of a constituent X, tile rate of radiation of energy

04in the I - I) transition is given Iv tile following e~xpre-iln:

l (X) f(X) N 4F, exp (-*I kTr) A 1.Y

where J ) Xii the frac-tional concentratilin of the con.tituent. itl is the excitation energy andi A,,)" is tile

Einstein coeffivient.

[rhe Ein-te-in i'oefriiilt for ai % ilirational tran-itioil in a molecule cornpli-cil of atoms of different nuclear
rciarge is us-ual, IIv iigh. artii a.- a re- alt the cmeik-is n of -iii ii ii i- ances a carbion monoxideI andi nitric oxide

may %e 1w igificant.

Ilic rate ,if Ppoulat ion if thie fir. t %il rat i' n a Ileel liv inelastir coillisions is eon "idierca. This rate is

/ .- ~ :-exjprio-d lby ft X N K -xlp -ti kTi Aiv re K cxli (- kL'I, is the coefficient assovia teil with
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tlneewcitation nlt 'anipan. X iii Co or No. For C) #' is 0.27 cv and for NO tit'is 0.23 ev (hlerz.
berg (19501 -MoIetcular Siectra and Moletiular Structure -- Diatomic Molecules," 21 Ed., N. Y., D. Van
Notrand). llt e niion rate. It" (A) can be taken to be the panie. Ulien the tetptratire is 1500" K it
mat be e,.n that for either .ub,iance It' (X) IE ()) 2 x> I W (X) N K. Since it is %ery difficult to
coflmert tran.lati'inal energy ito) %ibratioinal energy. die value of K is extremely low. A value of 10-11 civi/
" c Vohieh ,crrtponlnl4 to an efficiency of about 2 X 0-' coliion can be adopted without serious under-

* estiLation. It' (X) RItk) z 6 x 10: f(X) I ' (0) is the net rate at which energy is lost.

lihe carbon mionoide in tie ulier atlrn, lph.re result, from tie phot(Nissociation of carbon dioxide.
" Near ground leiel fSClO.) acoring to Paneth (1937) is 3 X i)- +. Ad f(CO) can scarvely exceed tis,

It' ( Ii F ()) nlllst be mnall. lI tihe abence of evidence to the contrary it seemut best to assume that
nitric oxide is a very minor contitutent in the atnijophere at all altitudes. Thuis It (NO), 119 (0) is also les

/ than unity.

t i"4N, o 4;. M., "The .Airglobt.- Sci. Progress 39, 623 (1951).

A ith referene to the presence of the einisoioi siitetrumn of nitric oxide (NO) the author states that the

d-band of NO in the ultraviolet region with time following emision process

NO' (B) --+ NO (X) (1)

and the -.(-and of No in time ultraviolet oith tihe emi.sion processt

P.P. No' (A) -- NO (X)/ .et. e "% are poll'ibly present.

7.' ar ern ae liate an lt)S fur evidence that NO is an important constituent of tie

Uppr a .t.i here. The. fll, I. ing r,*'0,,ivlii nali,,n Ir( ,;e-es are considered.
... N + N + X -N2 + X' (3)

4 m df '-]'.-0 + N + X -- NO) + X' (i

"The author -tate- that the li--4,siation en.roirc )(N:) ant D(NO) are not known uinibiguously.

" Ilowever. lierzber and Sploner (l931 ga ,- the value 7.38 Iv. for I)(N.), and ilerztoerg (19:19) gave the
vale, 5.3 ev for DNW. Gavdon ani Pennv (19tt) have given 9.76ev ftr D(Ni) and 6.19 ev for D(NO).

HERZBEGi: ;. ;.. "The .\tmo-phert- of the Planet-." J. RV. Astron. Soc. (Canada) i. 100 (1951).

A re iew of t- loreent -taut- of -lecvtro-,i, inetigiiaion, , f the earth and terre-trial planets it given

in th. pr,.,ent loaper by Ilierzherg. incuh new in formation ai, ho' time earth*s atmosilhere has been derived

frimwn a -tulv of it- aborption tweetrum. It ha. been foundl thait te , truit of any eelestiaI object t reak..
off rather airuptlI at iiHout 3000 A. %hile the peu'trtun of a ilis ant light source on the surface of tihe earth

e.,.. "luwit not break off in a similar manner.

The eaul-, of thi- ibreakoff i, now known to be dh, to the ab-rption of the ozone laver which exists at
-an a, era e eight f ,,zon al-orption ttbecones negligible at about 200 A.

llw-. en. in Ihe earti* atino-|pimee no li,_,ht tran-i-ni-ito Iv.!,w 2200 .\ i e uii-,rvid. The author gives as a

rea-on f a,r ti hi aditional al-'orliiun a- pmalrply the ron tlniumi joining on a %,eak ultraviolet band system

0' .of I!. It i'Ith A a, ,li-v verr, , I Iferi .ro ( att rtit . 211. 577 (Iq32)i.

.. . . . ..* . . ...... . . . .. . . .. ".".... ... '.-.'"•-..... .. v..".-... .,.--.-."...... . .. '-
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Reference is mnade to the solar spectrum studies from V-2 rtm-kets nt great heights above the ozone layer.

The spectrumn was found undter these condlitions to exte nil tot about 220) A where it seems to be sharply

limited. The 02 absorption wouldl have little effect at the altitudes reached by rockets. Since there is a

diserete abopindue to t) Omolecule which under the low dlispersion employed in these ex.periments,
the author suggests that this apparent cut-off at 2200) A may be (fue to NO if there is sufficient amount

presaent in thle upper atmosphere. -.

A JOHiNSTON. tt4ttOLD A., AND PERHINIE. RICJI41(1 L., "Devompom~'ioni of Nitrogen Pentoxide in tile Presence of

Nitric Oxide. 11. Details at Low Pressuires." J. Am. he'm. Soc. 73, 482 (1951).

The authors have reported their studies on thle decomposition of nitrogen pentoxide in the presence of

- .*.-.nitric oxide. 'The experiments employed a 22.liter flask at presores fromt 0.05 to 10 min fig, and at three

ternperat ure,; 2,.0, 50.1 and 71.M0 .

The results were analhzedl in termns of collisional theories of thle low-concentration limit for unimolecular

.'.'reactions. BY comparison of their results with those of hlodges and Linhorst (1. Am. CJhem. Soc. 56, 836

(193t)) who used] pure nitrogen pentouide. thle authors state that thle second-order rate of activation at low

concentration becomes the same for the two systems.

KRASOVSKJI. V. i., 'Influence of Water Vapor and Oxides of Carbon and Nitrogen on the Luminescence of

the Night Sky." Dojklady Akad. Vauk. SSSR 78, 609 (195 1).

Amfong other. mechanis6ms the following involving nitric oxide are given.

NO + 0 -,NO2 + liv

NO +O0 NO+ 02

KRASOVSKII. V. L.. AND Lt'KASIUENYA. V. T., "Interpretation of the 10,000 A Region of the Night Sky 9ptc.

tram," Dokhlv ,Akad. Nauk. SSSR 80), 735 (1951).

The authors, state that bands in the 9,700-10,300 A region previously considered to ge due to Oil mole.

cities mayv pos-iliy bed due to NI!I molecules. The primary excitation was thought to involve ternary collisions

r which vield excited molecules of 02. N, 03. NO, and N20.

2(ZTRA, A. P., "The D.Laver ')f thle lono-4phere, 1. G-ps. R'.esearch 56, 373 (1951).

In hispaer hih iiiu~s4 he -laerof heionosphere tile author refers to Nicolet ("Mixed Corn.

mis'ion on lono-jahere.- U. It. S. I. Blruxelles, p. 50 (191.8)) who con!idered that there are three elements

/ operativte in the formnation of the D-region. They are:-

(a) Thle normal layer by ionization of 0, at its first ionization potential 12.2 ev.

(b) A Ilaler more or le"s srxoradic by ionization jif sodium.

/ (c) A layer of extra ionization of NO by radiation at X 1300 A (daring fade-out). The possibility of

radio fade-out (thle NMo'gel-hDehlinger effect) enhancement by NO is briefly uiscussed.

swINGs, P.. p(wctroscop)ic Problems of Astronomnical Interest," J. Opt. Soc. Am. 41, 153 (0951).

In a brief di-ctmz,-ion of thle atmosphere of thle Earth the author mentions thle numerous emisrionsl in the

ultraviolet and phiotographic regions %hich have been assigned to the Vegard.Kaplan system of N, and to
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Z.-the llerzberg systrten of 02. Both oiivtern are forbidden transiitio~ns. The following emissions are among
/ those % et tiniqleitified: 3203 ). 3571 (7). 3622 (51), 3700 (6), 3916 (8). anti 3960 A (4t). The author raise@ the

i1tiestion as to) %liether the-e do not belong to the forbiddten 'if -- 211 interconlhination of NO. In a private
comlmunica tion to) the author Ilierzbcrg nadle this sIaggestion.

.- \-TANAK4. Y.. S:V.4. Mt.. AND MORI. L., "Absobrption Spectra of Nitric Oxide in the Extreme Ultraviolet."
Science' tf 1.4./u (Japan) 1. No. 2. 80 (1951).

The athor-4 repo~rt the anki of the absorption slw('tra of NO in the extreme ultraviolet. Vacuum
ep'trographs %~ ith I - anti 3 .metr conc'ave gratings.respectively were employed. Six new band progressionls

were foutnd. The Ilimsoiatiofl energy of the upper state of thll -r-bandol wait owtn by calculation to have
% values mutch lo~er than thos.e fiornurrh:, accepted.

/ TANAKA. Y., ANtD SAt, T., 'Emipwion Hlandse of Nitric Oxide in the Extreme Ultraviolet Region," Science of

LipAt (Japan) 1. No. 2, 85 (1951).

Tlhe emi-sion spectrum of No %as photographed in the iopectral region from 2200 A to 1450 A. The

ictstem anti the ei stem could be dioiiniihed. Trhey were compared with the absorption spectra. The
band s% stenis %ere namned A, 11, C. 1) andi .. The authors concluded that these are caused by the transition

from th -e~ideovered excited electronic states to the ground state.

% %VIGAND,) L., AND) G. Kiirri, "An Auroral Spet-trograrn and the Result,; Derived From It," Geofys. Publikas-
joner. A*Orske I iden'kaps.Akad.. Oslo 18, No. 3 (1951).

.This is a repo~rt cof the observations (of a brilliant auroral display during the night of 23-21, February 1950

at t lWl. The .peeo trograph rmp~loietl wa a new one and compared with the best spectrographs *previously
Used in Ner~a-. the ipelr-ion %%a about tivie a!4 large and the light power more than five times greater.
V. ithin the rtgion >X\ 03WP 3880) A of the spectrogram about I It linese and bandse were. distinct and could be
meapured edirett from the original plate, about 50 oif these were not previouslyV observed. A great number
of line oh-cried* on the spetrogram %~ere too weak to lie measuredl directly from the plate. Their wave-

lengthsa %ere determined bymeans of photometer curves of great magnification.
Among oither new lines and bands on the spectrogram of the auroral luminescence the following

0-bands fromt No were observed. Since in most case,, these new bands nearly coincide with lines and bands

which'are known to he pro-ent in the auiroral luminescence, their existence cannot he considered as proved.

The authorQ pi~int that their obw~rv at ions give po.-ible evidence for the exifstence of these lines and bands

of thc-;e con~titejents in the atiroral lumninescence. The following q.bandp, of NO are reported:

Plte Photometer Id-nitification

525.8 256 NO11 (3-18)

4913 INO$ (3-17).

3961 NOO (2-13)

3P.90.5 NO. (1-12)
W. ~The two numberi in the parenthwee Oive the vibrational quantum

numbero of the upper~ and lower ele'-tronir state reppeetlive17.

or

92:
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%WHITNArx. G. C.. HOI.YORD. C. I., CANTZ. F. ST. CLAIR, AND) SMITH, G.. n. i_, "Determiination of Nitric Oxide

an(1 Nitrogen Tetroxidl. in Admnix tutre," Aul. Client. 23, .164 (1951).
A precise proc-edure for the uletermnina titn of nitrie oxide andi nitrogen tetroxiule. and their admixtures

is described. The proc~edure is based upo n the principle of aba-orption of nitriv oxide and nitrogen dioxide

- in 95 percent sulfurie acid.

Nitric acid and nitrosvl sulfuric arid are formned. rTl total nitrogen in thle solution is dietermninedl

by mvneanA of -a nitr~inntr, Nitro-xl nitrogen is determined by titration with a solution of potassium

permanganate.

A dle~uription of material-s and apparatus i, incluiuleu in the papter. The proE'eure andi method of calcula.

tiontg are give in detail.

1952

% D~AM~f, P., AND M4IF5CHtF, E., "Banulpctai the Schumnann Rtegion o[ %0) and N2 with nit'trg.

* .The emission sipectra of N110 were photographed in connection with thle investigation of a new band

6]system of the NO molecule (0' -X lir). The following topics are discussed: (1) NO (a) t-bands and (b)

0'.bands; (2) N2'. and (3) the New Sy'stemn found by tile authors. In Table 3 in thle paper tile wave-numbers
of the heads of the new isotope band are shown. A provisional analysis is made. The t-bands, for NO defi-

nitely belong to a new system.

BATES. D. n.. "Some Reactions O.ccurring in the Earth's Upper Atmosphere," Ann. geophys. 8, 194 (1952).

At the 90 and -.5 km leveNs respectiv-ely n ,N2) is approximately 7 X 101-1 andi 8 X 1011/Jcm. Durand,
- Oberly andl Toiisey (A itrnpk-.vt. J. 109, 1 Wl) 19)) observed certain features in the spectrum of tl* sun at an

~4- ~waltitude of 535 km. The region between X 220X) and 2300 A gave evidence of absorption by atmospheric

nitric oxide.

7-. ~If thi. interpretation shouldt prove to be correct from experimental work by Leifson (1926) the number
fNO miolecuiles ab<)ve thle 55 km level would be of the order of 10I1/cm, column.

The only other spertroscopic evidenre is that by Nicolet (Ph s. Soc. (London), p. 105 (19 16Y). Nicolet
led attention to r-triking coincidences between some of the auroral emissions and members of the #.band

*'~ s Item.
Moses and Wu '(Pkv5. Ret-. M., 109 (1951)) and Bates and Seaton (Proc. Phuys. Soc. 63 B, 129 (1950))

have suggested the following process to be responsible for the formation of the D layer.

V NO + hv --* NO+ + e-

The author states that if atomic nitrogen and nitric oxide are constituents of the upper atmosphere,
nitrogen peroxide (N()O: should als.o exi~t. Price (Re'ports Prog. Phys. (London) 9, 10 (191-43)) has pointed
out that the numbher of molecules of No, present dluring the day must be lesss than 3 X 10'1 /cml column, or
the characteri-tic abh-orPtion bandmt would b~e ob-erved in the solar spectra. There does not seem to be any
direct positive evidence, on the occurrence of NO, in the upper atmosphere.

i4

V~
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MAYE-W.F, j., "Absorption Spectra at Low Temperature. Study of N2() gas, NO gas and liquid," Ann. Pk s.
(Paris) 7, 453 .305 (1932).

/1 In tis report on the absorption of nitric oxidle there were no absorption peaks of No) in the spectral

region 4100)) 85004 A. Within the range 2267- 1540) A vibrational peaks are listed. "'here are continuous
bands w~ith peaks at X 1820 A4 and X 1470 A.

NIC~ET.~.a~ MAE;E.p*,"An Introduction to the Study of the Phyvsical Constitution and Chemical

* (:Coilmpition of the hfigh Atmrosphere," Ionospheric Research, Scientific Report No. 35, State College,
1'enns~lvania, April 1). 1952. Contract No. AF.19(l2).l4.

In this extensive study of the vertical distribution of molecular and atomic oxygen, the authors, state in

Z te crelusions that below the E laver. phiotoieonization prce~ depend strongly on the absorption coeffi.th cn
cicut of molecular oxygen in the spectral region 1024-904)A.

S. l'he N.) olecule, which is able to absorb the Lyman-alpha radiation, is, stated by the authors, an

important constituent in the 1) region. The rtwk et reutsadtepoohnialivsiain lsise

in this4 rport seem to support tii origin of the D region. Evidence for this is the existence of atomnic oxygen
andi the recombination of atomic nitrogen at heights below 100 km whtich leads to the formation of NO.

'~V 'EAND, L., AND V. TONSBHERC, "Results from Auroral Spectrograms; obtained at Tromsui during the Winter

* ~. . of l950-il." Getify-s. Puffikajoiier, Norske Videnskape..4kad., osl 18, No. 8 (1952).
During the summurer of 1950 the new pectrograph used by Vegard and Kvifte (1931) during the night

of 23 -21t February 1930 was moved to the AurRoral 4 )servatory at Tromsoi. The plan in the p~resent work

% tas aniong others to obtain strongly exposedl pectrograrrit from wshich a great number of the weak lines

r. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ regh oftor~~ taett0-u2- IFbure1)0 values previously obtained from the

The ieaureentbof he -badA o Nofro thespetroramobtained at Troms i of the auroral

luminescence are reported as follows:

- Oso Q\,) Troms;; (Ar) Identification

5256 5255.4 NOq (3-18)
* S4913 - N0,9 (3-17)

.54030 4029.5 N019 (0-12)
3961 -NOO (2-13)

3880.5 -NO,3 (1-12)

The Iwo numbero, in the parrnth..es give the vibrational qujantumn
numtber,% of the 'ipprr anti hItter elect r.nir state re~mtivct~ly. A7 Valluew

-, %ere mnea-tured directly from the plate. x, value, were otained from
the ph..tom.-tei. curve.

* r~IRTANEN. Anrrt RI t., olcarNitrogen Fixation and Nitrogen Cycle in Nature," Tellus 41, 301 (1952).

/,' .~'In the present paper the author dis- tese the origin of nitrogen oxides. in the atmos-phere, andi states that

, .. N2 .fixation in the atio-phrre is p4)S ibhk photorhemnical. Thke ozonu)-phere, at altitudes higher than 1t0 kin,

Sis con,,idered to hae probablv, condlitions favoal for this fixation. .It is smggestedl that ozone oxidizes

7 . -the nitrogen oxide formed to nitrogen pentoxide. the latter having been reported by Adel and Lampland

-/7
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(1938). It is further suggested that there may bie a downwtard movement of nitrogen pent4)ide by meaans of
rain. %thile the rising nitrogen pentoxitle is eeoiip.ed by phIototclinical d~issocHiationl. li obsitervationa

of itt 192 on the spectral bands of nitric oxide (No) at altitudes 94) 110 kitt are cited as evidence for

The possibility of the formation of nitrate nitrogen by' the atmospheric oxjidation of nitrous oxide is also

i. .* ~ cons.idered. T1he nitrous oxide (N,()) originating frontm the *oil, is decomposed ph toehemirally into N1, 0%.
* :..anti N() by radiation of watt elength X < 2000) k in the uipper atmosphere. Nitriv oxide (N( )) in further di*-

sociated into N, and (k. and rnai also he oxidized to) nitrogen dioxide (N(k) during it-4 transport from high

altitudes to lower atmospheric levels. Consequently nitrous oxide aylea source of a part of the nitrate
nitrogen.

The author expresses the opinion that the analyses of the precipitation d1o not give full information
concerning the origin. andi popiible participation of oxiude,, of nitrogen in the chemical reactions in the atmnos.
sphere. T1here is also needed more quantitative data about the different nitrogen comipoundls present in all __

.:lexels of the atmosphere. This should elucidate the nitrogen cycle in nature.

y ~ ~ ~ - "IE ERADFENh ARC . Kinetics of Decomposition of Nitric Oxide at Elevated Tempera.

tures. 11. The Effect of Reaction Products and the Mechanism of Decomposition," J. Clim Phys.

20, 17d2 4(1952).

This is an extension of the author's studies on the kinetics of decomposition of nitric oxide. In the first

paper of the series (J. Cihem. Phy s. 20, 22(92)the authors report the rslso hi netgtosi
using a quartz vessel. Below 104)0 K the decomposition of nitric oxideisas shown to be of -a heterogeneous

-~ / mechanis.m. and of a homogeneous mechanism above 10)"0 K.

3In the present paper the effects of nitrogen and 6x% wen on the kinetics of decuiimosition of nitric oxidec
%ere investigated. The apparatus and experimental jpri-elurt- %ere similar to those reportedl in the first

paper of thieseries. Base(] upon the rxperitnental result the at; i r give I le followin ehns fteml
- decomposition of nitric oxide.

1 . 2N()-6. N0+0.Allt,* +35.2 kcal
11. 0 + NO k, + N A1o0 =+4.6kLeal

III. IN 4-NO -~ N, + 0 .~ 1' =f, -47.6 Leal

IV, V. 0 + 0 (+ M) -O- 0 (+MN) .1, If -117.3 Leal

Thetemeraurerane ws fom 80~K t 1920K. The research was carried out at the Jet Propul.
sion Laboratory California Institute of Technology under Contract No. DA.0.493.ODR 18 sponsored by

- the ~Department of the Army Ordnance Corps4. . ___
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DAtFR. P., A ND MllIUS HER-. h~ . N! I. anti N2 Eri-ion Spjet~ra in tilt Sciuinano Regioni, Hell'-. jdhs x. A1ct

T1he mithii .r rejs irt a ne% Waild . -teni (X) of thie N( 4)11 moeceil ilt - regiion LIO)41 15004 A %i wh formis

At It' ktl) - 11l tran-ition. Handsl in tilt %isiltde re-,iort %ert inlterptretedl a It' (21) - It 211 i ptem orf No .
The isotoipe Jhiftso eiti~r% ed inl tile I and t h~and, of tit( N( ) molecurle delinitek li oiin that threse baliiil, formg ti~~o s~eparate s.i ternt,. A net% band A 111 - X Il' of [lit- NO( ion % as fitutol lweieen ITM14 andi 13501 A.

*'T~o ligtrre- of emiss~ion band sitectra froml 2 1414)- 1604oA and' front 1641W 13540 A are sho wn %i -t exjilana .

tiort,'. A biliography of 25 referenes. in irtelidied.

3TltAM. V;. T., Clit RU, T., FRIED:fMAN, I.. AND (;Art.AI, N., .-Lvntan.Alpha Raidiation in the Solar Spectrumn,"
7'P v~ys. Ri'r. 91,. 12 78 ( 1953).

In tis letter tot the e~iror therse wvietit, front tile U. S. Nial Uc-.eareli Ialiliratiorv repiort that tit(e
miensity (iof the L.i mar, ..a pha line of h d roget (X 12 16 A ) in tilt-l s(ar peel runii %as icaireil hIt nian. oi tf

. ~Photon voitners flito i in tiree %eroive rool-Let,'. A continuous telemnitered record of tit(e inrtensity erpmsr
altitude tip to aboutt 128 kilitnieters %,as obtainfedl.

V 1L~iman-aliha radiation of hrilriigen %asj first detei'teil at abouit 7T I 21 -kuil (118' 240' (in eleiation) alti.

tude in each itf tilt- three flighrts. The mecasured motlar intent-it reportel in tlai letter i. 40.14) 1- 0.0)2 erg ent-2

7 . ~~t-eC- at list- ti ij of thle at mosip here %~hichiii is~ er t han1 it q virg et -- 'i tilt re-lilt repowited by 'I'uusey.
%Watanabe andi Purcell j'hv%. Ret. 83. 79)2 (!951I~

lieferetwe, in tat I to Ilo lifielt' sit-o wt rigrar tt. stro1,b vs. .1. lilt. 2(18 I') 10) %ich imed ci tilt-e i ~itene
-/ U o~~f a oitiji tjimlipli I[,l tI I: aipiirptiin lJ4etrom at hi aaiijha. arti1 alsoit tii lt-' qutarmitalkie tnea,'irellients

- hi ~'l.atIatiraloe. MrIrtmiand In t I 'hs. Ret. WM. 155 (191r3) otf thie ablii rp t ii it ett'liit - in thet neidhiborhoomti
of ti. % lndIou

Thie bIgetitlh Bates and Seatoin (Proc. I'Ivxo. Srx. (London) 6:1 11. 129) (1950)), anti b% Nivolet

- tem. lBui-. Ahfiteom/. Inst. (11elgiumnt 19, 1~ (191) ) that absorption of Li ran-alphla raidiation kIf b,)hi Ni
4 may iiroitive the hi-,en i'd i)-Iaver ionization is also alhileil to. The atitlors state that thet piresenit roc-ket

data dii wit excludie thi, p,'i-ibiliti.. If it is as'lirned that thet vontihnut ion oif 112(4) iir NI i to [ft- absiorptioin
obere in tierooket e..ctriment is IC-s, than ten 'ieeitt. the bnaxinurn cocnrtion of 112(J antiN

7 .~~~ relative to)amirntust have been less titan 1.6 X 1()-5 and~ 0. t X 101- r.i''tv' using absoirjtion coefficients
- 394) vni- and 67 cmn for 112o) anti Ni ). Tlhe latter enneventration is e'qtrivalent to an tipper limit oif 0.4)) cm

~~- (N. T. 1'.) of No. abovie 75 km which is much Ies- than thi' valtie of (1.02 em kN. T. 1. given by- NIigeotte

- and Neven (hfem. Roi-. ~Ni. Sd. (Liege) 12, 165 (19)52 a., tilt mtaximnum ;ttsilli alitindani'e fromn soplar
~ infrared studies.

* Ilefervnre tot thet %otrk (if Watanahwe. 'Manrmo anid Inn (Phyx. Ret-. 941. 1551 (1953') is cited. TUhey fund
that ahlliiim .ll )tel1 percen t of tire- ah-orptiton of N I) at I iWth wVeltengtt of Ii I 1_ le-adill o photoiiiniza tron .

The awrha'.r if' thre 1 ,re-et paper state that if only one percent (if tie If IL., itrtensitv obsecrved in thet rim-ket
e~1 irirett .rai,-rbe lo O *it rate of ion protdution in thlt 1) Ia'er %ittlil a~eragi alit I5 ion pairs4

%hchwl be of. . lhede of inmniftie rei red to p rod tree tire I) I aier (Ba te, antid N ivolet,

loo. ci.)
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INN, EDWARD C. Y., "The Photoionization of M 4 ecules in the Vacuum Ultraviolet," Pays. Rev'. 91, 1194

(1953).

A method for measuring ioniz~ation potentials of molecules in the vactinm ultraviolet is described. The
apparatus employed was a Baird i-meter VacuuZ iUtraviolet %1onoehromator from which the radiation
passed through the photoionization cell. The iod. produced by- pliotoionization were collected by use *of
parallel platinurn electrodes p~laced] outside of thlilight path within the cell. T[le ion, current was measured
ith a Beekman niicro-micro-amimeter (I 0-1 - R( 11 ampj..) andl recorded on a Speedonmax recorder.

The spectral region was scanned near the dlirt sholi. The ion current, and the wavelength that which

the first ions appeared. follow~ed by a sharp inereast in the ion current were noted. In addition to the! ioniza-
tion potentials of various organic gaseous -onlpounds, the author lists the following values obtained of first
ionizatio potentials for 0,,. NO, N113, and fit )dm lcules.

'11w '.dolf ist 1(.nization
NMolectib VWav.eI -ngzt A Pot)entiadl ev

NO U143 9.23 +0.02
Nit, h 23 10. 13 =i 0.02
SO2  T8 12.1 Q L0.06

Values previously reported in the literature by' other investigators and the methods employed are also

- recordled in the table. Thephotoionization methof reported in the p~resent papter is claimed to give greater
precision than by either the electron impanct or tihe lI~dherg series (spectroscopic) method. The present
method (photoionization) and the H~ uberg seis tod both give values in close agreement.

U JARMAIN, WV. R., FASER, P. A.. ANDI NICHOLLS, R. W.j -Vibration Trransition Probabilities of Diatomic Mole.
cules;' olferteqd Results4 N 2, N 2 ., NO, 02 1. Afroph -s. 1. 118, 228 (1953).

Band syvstems of diatomfir molecules are ('las~siilLl into three groups according as the results derived by
approximate vibrational transitional probab~ilities ar4 expected to be excellent (I), satisfactory (11), indicative
trends (if11).

Z, ~ For 14o. A 21 X 211 (-y-bands) the classificat on is deribed as excellent. A table of -y-bands for NO.
C ,p (v', ")- CC, v")! arnd a table of basic molecular constants for NOzire included.

011.N. F. 5. PURCELL. J. D.. TOUS Y, R I., AND ISN N., "The Ultraviolet Spectrum of the Sun," Gassiot
Meeting, August (19,33) (Oxford, England).

In this pap--r presented at the Gassiot NIeeting. Oxford. August 19,53. the authors4 make reference to the
suggestion made by Durand, Oherly sand Touse, clstrophvs. j. log9, 1 (1949)) that certain features of the
spectrum which they couldl not explain as due to; soll Frauinhofer line-, might be (life to nitric oxide.

In the present paper the auithors with the aid or moore titen,(- exlp o.Ilres than in 19419 have studied the
existence of atmo?,pheric nitric oxide further. Nitrij oxide has at double band system near 226.5 A, anal also
another hand Rystem at 2150 A. A densitoee trwing is shoikii (f the solar speetrumi. The positions of
the nitric oxide band heads are shown. From this It appeared that nitric oxide is not present in sufficient

* quantity in either the earth's atmosphere or the sman~s to cause significant absorption in t~iis spectral region.
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'file conclusion is that there is no evidence for the presence of nitric oxide in either tile terrestrial or solar

atmosphere. Reference is also made to Migeotte and Neven (.em. Sor. Ro. Sdi (Liege) 12, 15 (1952)) who

were unable to lind atitosipheric nitric oxide from infrared studies. The latter workers concluded that Io
* more than 0.02 cm N. T. P. of nitric oxide could be present in the earth's atmosphere.

MARMO, F. ., 'Absorption Coetficients of Nitrogen Oxide in the Vacuum Ultraviolet," J. Opt. Soc. Am. 43,
1186 (1953).

In this paper the author has desecribel his measurement, of the absorption coefficients of nitrogen oxide

(nitric oxide) in the X 1(10-2300 A spectral region of the ultraviolet. The method employed a photoelectric

S "-- method in use at the Air Force Cambridge iResearch Center ind described in detai by Watanabe and Inn

(1953), and Watanabe. Inn, ani Zelikoff (1953).

The importance of knowing tile aborption splectrun in the spectral region of this study was pointed out

. that the formation of the 1) layer, according to one theory, is possibly de to the photoionization of nitrogen

oxide by the solar ultraviolet between X 1100-1300 A. A table is included -howing ,nnc k values (ema-') for

* wavelengths 1332 A to 1514 A for several pressures (0.52 to 100 inn llg).

A continuous absorption spectrum was found to exist in the spectral region X 1100-14100 A in which the

absorption coefficients varied from 10 cm - to 200 eml. At Lyman-alpha (X 1216 A) the k value was

61. cm-1. Twenty-one literiiture references are included, as, well as detailed analysis, and discussion of the
", e, and -y absorption bands of NO in the X 1500-2300 A region.

-trIs:Ii. 11.. "'Stu lv of the Banid Spectra f,1l N . N, ) and N O in the S'hunaann lRegion wit Ih tie Aid of
N .".... , No. Roy. S.ci. i liee 13. 177 1933).

"V. -'." In this paper the autho r again report., Iii. sttilh of the band spectra of' N. , NO and NO-+ with the aid

of N 1. Tie study had previously been reported in 114rh. phys. Acta 26, 91 (1953) and .\ature 169, 581 (1952).

MtTtIA. A. P., -A Tentative lodel of tile Equilibrium Ih light Distribution of Nitric Oxide in the I ligh Atmos-
phiere and the IRe~tlting l)-I~a. er*'" lIosphric Research. Scientific Report No. 40, The Pennsylvania

"tate (:ollege, 15 May 19.13. AMC (:tract No. 191122)41.

In this report the author has attempted to deri'.e a tentative model for tile equilibrium distribution of

nitric oxidht in the 30- 100 kl altituhe region ofthe upper at in,,,phere. The possible photochiemical reactions

in %hi,'h zoe,'. both m oleu ilar and atomic' nitrogen.,4 ox,.,ci eitolecilar and aton ic) and nitrous oxide are

r-"mie.re,. \\ ith referenre to the I)-Iaver formation it is .Iat 'l that tihe absorption cross.sections of (1, Na

and NI) ate reliably known anti aI o the inten-it of tlihe raliati ns ionizing these constituents, however

.-.'.- '"'. infoermation on the vertical ,li.triheition of the .onstituent- ' . Na and NO is lacking. It is pointed oot that
froin the retultn of \h,-e- and \\i 1e32 and Nicolet and Mange (1952) anI from studies of the twilight

- Ila-h and ni,_ht air-glow a rough inodl nta' be dediced for )., and Na.

\\ itl, reftrei,' to atn,,,-pl,,'r . I , 1 .ls is kio,,n. A review of the po s ibh l presence of NO, in the

upper alt, iw-1 ere i- gi'en roun the earlk t' id,.i'e obtained by )urand. tber h and 'l'te (1919) front the

-,lar sjw'ctriiti ,uerin-, a rocket -liuht, and Ili -n'vttro-,',pie V eidenet: front the .trikin,, citilne 'es between

auroral eni--iemn, and ieniter, of the 11.band .tvelt li-ot-seld by Nitolet ( 1 ) 18). Later information from

'.t.

I. '
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Tou~.ev indlicated that the broad band l*inga between X 220(11u-230)( A might well come fromj NO existing in the

atmosphere of the sun.

Two possible processes for the production of NO in I fe upper atmnosphere are given.

N + 0+ Ml- NO + Ml (I)
A 24N5) A(2

N 2 0O+ h---No-+ N (PS -

Certain value., are obtained for heighit distributions of N20, atomie nitrogen anil nitric oxide. (General
equations are derived for giving the distributions of N anti NO. It is emphiisized that these values should

* be considered only as preliminary and indicative of the order of miagiude of the parameters rather than

absolute values. The value obtained for No is that under the conditions of jplI4t4wheiial equilibrium the

*maximum concentration occurs within 8.5-95. kmn andi does not exceed a valme of about 2 X 10, cm3 .

MOORE. G;ORDON E.. WULF, OLIVER it., AND BAD(;EH. RICHARit) s., iThe Photochemical D~ecomuposition of Nitric
Oxide by Absorption in tile (0.0) andi (1,0) -y.Bands," J. Cihenm. Phys. 21, 2091 (19,53).

In this letter to the editor the authors describe their laboratory experiiments on the photochemical

decomposition of nitric oxide by absorption in the (0,0) andl (1,0) -y-bands. This work was to check Gaydon's

- experiment who irradiatedl nitric oxide at atmospheric pressure with the light from an iron are. Gaydon

observed no evidence of decomiposition of nitric oxide even after long exposures. The authors in this report

used a condensed spark betw~en cadmium electrodes because of two strong lines at 21441 and 2263 A which

overlap the (1,0) and (0,0) 7-bands. respectively.

Tile decomposition was followed by observing, the continuous absorption of N 2 0 3 which is formed as an

end product. The experiment is of intere.t because of the possible connection with the heat of dissociation

of nitrogen. The absorbed lines have enerie of 5.,77 and 5.4evacoprdt6.9ethhatf

dissociation of nitric oxidle as calculated from thermochemic(al data. The experinents are being continued

i an attempt to study the mecliani~m of tis~ pliotEodec)mfposition of nitric oxide.

NIO~,MARCL eooia Problem of Nitrogen Oxides,," Ionospheric Research, Scienti Ic Report

No. 52, The Pennsylvania State College, 25 October 19353, AMIC Contract No. AF19( 122)A
inti eor ioe states that nitric oxide had been considered by* him' (ins.R.,feorBlim

Afemnoires 19, 121 tk1915)) to be an important con..tituent oif the high atmiosphere. From theor, ai co-

siderations the author found the poss.ibility that No) is quite abundant below the transition regio -Inhc
molecular oxygen is dissociated into atomnic oxygecn. Reference is made to the work of Bates a "Il S an

(1950;". and to Watanabe, Mlarino and Inn, the latter gmioup after measuring the absorption coeficie ts of.NO,

01 O and other rases; concluded that the formation of the 1) layer by NO could be explained since Lyman-alphia
raiain s nan atopeiwindow. The L~tan-a11lia radiation has been observed from rocket experi.

ments to penetrate dlown to 741 kin by li~ram. Chubh. Friedman and Lichtnicn (1932)

Reference is also mnade to the ob-ervation made by D~urand. Oherly and Trousey (1949; that the absorp-

6tion band centered at 2261 A in the solar -pectrum %as conside red to be a hand of atmospheric nitric oxide

% ~and that the abundance wa.s about 10? miolecules4 cm- at about 35 kin (Bates andi Seaton, 19,50). However,
in a private communication to A. P. Aitra, *mrti-ev has indicated that the band might well arise from NO

existing in the atumosphere of tile stin. A theoretical dliscusion is given of the phmotochemistry of the forma-

,. .'tion of nitric oxide andi its vertical distribution.

A'
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The effect of nitrous o ide phiotodissocia tion,

N20 + Jiv (X < 2 100 A)- NO + N

leading to the formation of NO is also considleredi. 1'olhlingf a long theoretical dliscussion of nitric oxide in

the solar spectrumi in whtich ti( number of N4 ) miolecuales near 80 kmn was dleducedi to be 101 molecules cm-,
the author states that this idu ~aatuay be conw-itered to be correct within one order of mnagnitiude and as a
working concentration. A di-ecussion is also 6%ven of the importance of the reactions between nitric oxide

and atomjic oxvc ii or ozone as contributing to the (lay iwilight-night airglow.

IiENSF. WILLrIAM t., "Inten 'ity of Lyman.:Alpha Line in the Solar Spectrum," Phys.. Rev'. 91, 299 (1953).

The appearance tof tilat lv man-alpha line on a rocket spectrogram is described. A grazin ff-inci (ent

spctouap uas pited t irecl t til sun .during a 28-second exposure by a biaxial sun-follower in an

Acrobve roc'ket. Lymnan-a plIa results from flt. Is 2S - .2p 2P transition in the hydrogen atom. It is

Aactually a doublet isitla wa, t'engths 1215.668 A and( 1215.674 A.

Reference is mnade to t ie detection of radiation between 1030 antI 1230 A byv means of a thermolumi-
nescent phosphor, CaSt) 4: .In in rockets by Tousev, Watanabe and Purcell (1951). Also solar radiation

between 1180 A and 1 300 A was detected with photon counters in rockets by Byrom, Chubb, Friedman, and

Lichtman (J. Ot. soc. Amt 42, 876 (1952)). 'Ihe radiation was not present'below 74 km. From atmos-
phieic absorption coeichienO calculated fromr thle data. thle radiato wa considered to be from Lyman-alpha.

In thel preset inve-tiga!t ion L.v man-alpha w as photogra phed. The spectrogra niae htmc
tof the( 1216 :% radiation real hqed levels around 81 kin and] lower. The averagfe virtual height of the E layer

for 12 D)ecembaer 19t52 in the' AWhite Sands region was- 100 kmn. Fromt this it would appear that mutch of the

Lyrnian-al ph a line rad i at ion !penttrated anrd was a bsoirbed in the D layer.

SaIN. If.. AND 11EisSI, G,. 14 '*Tile Absorption Coefficients of NO and N1l 3 in the Vacuium Ultraviolet,"

Phs Rev'. 92. 5445 (1933).

This is ant ahstrart oh a paper presented at the 316th Meeting of the American Physical Society 26-30

Decemnber 1952 at the. U. !ii Naval Ordnance Test Station, Invokern, and at the California Institute of

Iechiodogv. l'a. atena. California. The authors report their investigations of the absorption of NO between

1300) A and 37,0 A w hich is cornpo-.ed of onel or more continuous regions superposed by bands.

The follo~.ing ab-orption coefficients,4 were' observed from a plot of the coefficients, k, versus wave-

lengthsll: one( mnaximnli at 1920) A with k, 83t0 env', another maximum at 620 A with k,,=- 920 cm-'.

lcrei were int.hicationA o f sniall peaks at 1300 A with k,,- 180 cm tn- and at 760 A with k, = 660 cm7-. An

absorption inininiumn ua ob i er% -d near 1200 A with Ak, 50 can twsntp~ibet eaaebn

absorption fromt con tinloas abs-orption.

* ~ ~ S tTcTIVP V. L. if.. AM,) mlm , .I..'-Tile Ultraviolet Absorption Spectrum of Nitric Oxide," Proc-. Plays.

Th e f dlloina are' fiNv %'h I-k no wn exci ted states of thle N1 ) ino ecule givetn in flte ord er of increas4ing

-. excitatito: k It. IL C 11: )22+ E 22+ Transitions bet ween the grouind state, andtile first four of

%thet altos e ectitfl ,tatl- ,i% t ri-c to the y, j3, 3, antI e systenis rt'spectivelv. Reference is made to the this.
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covery by T1anaika, Seva. and Mori (J. Clint. Ph I'l. 19, 979 (19531)) of tile absmorption bands title to transa-.
tions betw~een the ground state and EZ;+ states.

Reference is also made to thle historic work of Leuf~on (1926) who first measured the absorption bands
of NO in the Schumann region as far its X. 1296 A. 'lhe authors in the present paper report nlew photographs
of the absorption spectrum (of nitric oxidle. The following top~ics are dliscussedl:

(1) The 0System.i-7

(2) Thle B 1 - D 2_ Perturbation.

(3) The 0' System.

(4) Tile B ~f.C 2+Perturbation.

(5) The B 2'11- A Perturbation.

(6) Rvdberg Transitions.

An excellent bibliography of 16 references of previous investigations of the sp)ectrumn of nitric oxide is
included. The authors conclude that. a hypothetical repulsive curve to explain the perturbations of the
various systems is unnecessary. They could be explained in terms of successive crossings of thle '_ curves

by the B3 2 [1 potential curve.

TANAKA, Yostuo, "On the Emission Bands of the NO Molecule in the Vacuum Ultraviolet Regidn," J. Client.

* Phys. 21, 788 (1953).

T fhe emission spectrum of NO in the far-ultraviolet was investigated using 85 -cm and 21.foot normal

incidIence vacuum spectrographs. A detailed description of the experimental procedures is given.

SThe -y.band, are strongest of all the NO bands. These could be followed uip to the (3,0) band on the
shorter wavelength side. In thle present investigation thle author states that the (0,0) band appeared very

srn.The heads of the (4,0) -y-bands come close to thle hecads'of the (0,0) f-bands. The existence of thle
e-systemn of NO is confirmed. Thle author reports new bands quite similar to the #'.bands in thle X 1500 A

spectral region. A tentative analysis of tile 0S'-system is given.

WATANABE, K., MARMO, F., AND INN, EDWARD C. Y., "Formation of the D Layer," Phs e.9, 5 13)

-'s, In this letter to The PhIvsical Revieme the authors give the results of their measurements of absorption

cross sections of oxvgen andl nitric oxidle usnra vacuum ultraviolet monochromnator an(! photoelectric detec- ~
tion.. The absorption intensity of nitric oxide with impurity less than 0.1 percent was measuredl in the
region 1070--2300 A. A moderately strong absorption continuum was observed in the spectral region

. . below 1400 A. The absorption cross section of nitric oxide at Lyman-alpha was determined to have the
value of 2.5 -X 10- 'em 2.

A preliminary photoionization experiment employing the 4ame instrumentation demonstrated the
curetat0 ev. Foprvusexperimnents on light intensity

appearance of tile ionization 1343ent 9.2034rom ore9.2uM
measremets fom termoouple data photoionization was found to account for about fifty percent of tile

total absorption at Lyman-alpha. The ionization cross semtion for NO as determined by the authors oftile

present paper is about te-fv tms larger than the theoretical value by Bates and Seaton (1950).
The width and the transparency of the oxygen windows in tile spectral region 1100-1300) A appear to
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inicte4 ti'taidt ph otonI,~ o f ret p ii Fed energ%. partliii Id nv loi ria I-aIpha a. d! peiet ra tt dieep into11) tile- D) .6 ir

p ~~This work app~ea rs to lend, sulpport to t ilt- fillkii ig ile'i-ian kin for tile formna tin of thlt 1) lay~er.

NO + hy (XX 1100-1300 A) - NO' +

WATANABIE, K., MIARMO. F., AND INN, EDiWARD) C. Y.. l'lioittiioiizatiiin of N\itric O xide," Phv-s. Ret' 91, 436

(1933).

In a paper rc'ad before tilt Spring Meeting of tile %nmerivan Pinsical Society field at Waslhington, 1). C.

30 AXpril, 1 am~l 2 Mayv 1953 the auithors reported tilt re-Ill ts of their melieu. erneilts oif tile ioniza tion cross

section of nitric oxide in thlt spectral region 1 0.0- 13 1.5 A. Dutring thle scanining of tilt spectriil phlotoioniza.

tiofl occurredi abruptly at X 1:3 t-5 A or 9.20 :E 0.02 ev %* hied, was conid~eredt to be the first iolnizationl poten-

tihal oif N).------~----------- - - - - - - - - ----

rhle i il za tion cross sei-tion was found to re present a rathI er ili fraction o f the total ablsorp tionl cross

sectio~n over miost of tile spectral reio tulied.. At, Lii di-al pha the ion)iza tion cross sectioin hadl a v al-:

of aboult 1.3) x 10-11 cin' whlile tile total absorption cros-; slection was aItit 2.5 X<I10-" T ni 2. Tihese data

and the absorption cross section of oxygenuliere considleredl ajljllicalle to time formjation of thle D layer.

WATNARE, K., MARMO, F. F., AND INN, EDVAHDI C. Y., __Photoioniz.''on Cross Sections of Nitric Oxide,"

Phi.s. Her. 91, 1155 (-1953).

'i'he measuremlent of the pllotloionization cro~s section of nitric oxide in thlt spectral region XX 1070-
13 1: A is dlescribed . Trhe pta iptse of thle ie tern, in at itn of the photitt ulliza tion cro.- sect io n of nitric oxide
was to tit out ;r thet formation of thet 1) laver of thle a tino-pliere might be calls(-(] by tile ionization of the

,ni trie oxid Ic deciile liv solar ratdia tion withIi n this spectral raige.

'rlit results, are shown in lable I in fie pape'r for pressures 0. 1.9 to 10.5 min I I'. The values obitainedi

are app~arent ly indiependient of pressnre adl nearly cons tanlt with resp~ect to wavelength in thle spectral

regio stitliei.lThe total ab~orption cross. s4ecti olf nitric oxide was found to) he abmoit lifty times higher

thin the theoretical value calculatedl by Bates and Swaton (Proc. Plivs. S1 .(London) 6313, 129 (1950)).

The photoionization cro.s s ection at LYman -alpha was 1.21~ X 1 -14 cm- Iiich is about one-half the total

absorption cross section. The total cross section is given by tile following ,quation.

1Iexp ( - n, x)

Where 1,, and I are the incident and transmitted lighit intens;ities., a_ is -thle t I al absorption cross section in

cm2 n, is thle numbro Iize per cm-' at N. Tr. P., and x is thle tihicknes in cm of the layer of absorb-

*ing gas at N. T.P.

Since it cannot be assumed that all of thle absorbed protons will produce photoionization, the total

absorption cross section, o, is set equal to the following expression

*a= (71 + (72

* q where al~ represents the photoionization cross section, and a2~ thle cross section for other purposes. T1o

determine the value of (pllotoionization cross section) the authors give the equation

ai Nio- N

in which a is thle -total absorption croszs section previously determinedl by the atithors, N is the number of

photons absorb d per second in the length correspo~nding to the length of the collecting electrode (N being
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found from previously determined1 a valuies); and N, is twe number of ions formed per second in the same

*path length being obtaincti fromt the ion current.

The present paper also gives a new method for the determination of ionization potentials of molecules

e. in the vacuum ultraviolet for nitric oxide and other molecules. The first ionization potential for nitric
oxidle (NO) was found to be 9.23 - 0.02 ev. Reference is madle to the authors' previous paper (Pays. Rev,.

* - 90, 155 (1953)) in regard to the application of the method to the formation of the D layer.

WEBER, D., AND PENNER, S. ". Rotational Line-Width Measurements on NO, IICL and IlBr," J. Chem.
Pk~q 21, 1503(f5)

5--(953)

- In this paper apparent line-widths measurements on dliatomic gases on interest in connection with
-. .... attempts. to calcuelate emh.'4vitics from spectroscopic data were made. Rotation half-widths were calculated

fron the experimental data assming that the rotational lines are described by the Lorentz collision formula

and that they were uniform halfwie th for a given vibration rotation band.

The term rotation halfwidth is used to denote onehslf of the wave-number range for which the spec.
tral i(orption coefficient xceeds one-.half of the maximum value for a given rotational transition. The

Svalue of the apparent half.wilthi of the fundamental for NO is given as 0.043 cm- 1 atmoer, and 0.031 cm
atmos' u it!- helium added. Thle quantitative measurements are described.

r
1954

GAYDON, G., AND FAIRBAIRN, A. R., " pressue Broadening in the Spectrum of NO and Its Photodissocia.

tion," Proc. PavS. Soc. (London) 67 A, 471 (19,54).

The authors ha apde an eamination of the absorption spectrum of nitric oxide (NO). The study is

of importance 'ecatse of ii appeation to the dissociation energies of No and N2. Gaydon (1953) favors
the ligh vale of 9.76 ev for D(N 2). If proved, induced predisociation would require the low value of

t7.38 ev for D(wee A !rf description is given of the instrumentation and experimental procedure. The
authors have re-examine the interpretation of the photodissociation of NO. Reference is made to the

.

Swork of Flryi and Johnston (1935) who found that the active region was probably located in a band of the
d alsstem at 1830 A. In an experiment in which nitric oxide was exposed through quart to an iron are at a
,distance of about two inches for two days Gavdon (1953) did not detect any NO 2 formation.

The authors conclude that the action in the spectral range employed must be very slight and have a

-low quantum efficiency. The following mechanism is included to explain the small 4~mount of dissociation
by the secondary reaction

'I4.Nfl* NO - N+ Ot

This mechanitm is similar to Gaydon's (1953) explanation for the dissociation of carbon monoxide. It is
concluded that there is no abnormal prssure broadening and hence no induced predissociation in nitric
oxide. Cone D 'ntl this weak dei-ociation is not of instrance in the dissoeiation energies of NO and N2.

MIThr. A. P., "A Tentative Mtoel ti of the Equihirium liigh dis tribution of Nitric Oxide in the High
.Fl: workAtmofphe re and the tivie ro.I.naapeor.. 1. cIna. Tdrrinr. Paias. t, 28 (1950.

" "t ist cne ' iof abo t~ e tw ice ,jw twraof ly se dn 195 did take deean a O roe t iot.Dnd. 199
"P" Reere ator cnde that ectin the spe-Ahcra tang epoye austcket Hesight. Duand (1919)
rl-
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%
-'rpr, t.I the.t a t r.. I a nI Ibing twe it on 220bw "30)) ..\ to ha nde to aii r otide (NO). Later Tousev

hl a'l, thattev liaitl sla iuaet been B'aiied (1,3), g in the atniosphtere of the photo.

'" 'l'heit 4ulttiir ill thle [treset lpaper has attemptedt o derive a tentative miodel for tile eilui'lbrium dis.

I irilition of iliirii, ohul iN( ll int height range 5it -10) kil of the atmosphere, lfitra arrives at Ils eon-
" .. t~~eiiiiiot ill . ill-iilnl lenogit .ilh i llol toehenllli~a; reat'ti.ilns invtoI vin g ozone, both atonmic and mlieular nitrogen

*. all.1 IllIt'lge. andi~ ilitrli, o~iilt. 'Iwot ljtiisilih prwle~es fo~r the p~roduct(ion of .NO in thle uplper atnmosphere
i ;.iare gi1 el.

,l'Iir t a t.i hree-lH it v rectnillialtion ilt ween a h nt. olgyel antl nitrogen and a thilrd body.

.. N-vo + M -tNO +,M(k,) .i)l

"' The svt,'i,!i ntlihalli-ln suiggestedl liv ilalnford (193) G;arden (1P) 17), anti Nicolet (1952) is the photo.
ililii-,ocijijn of N.. ) into N and11 NI).In A < 24c1o A

N20 + h - NI) + N(S) JI (2)

-The preene of atoni oxygen in the lower atin.phere is due to the photodissociation of 02 in the Schumann.
inge ab.irption continuliu bieginning at X 1759 A.

,"i~ , 1759 A

r~-.)2 + h A --. O(.T) O('D) (3)

"2 .tnd ali in the weak iherzberg con tiniui.

A < 2121 A

4). + hv ....... I+)h) - O(l,) (4)

Two,. -av-e- are al-4i given foir the prti.envie ofatillci nitrogen in tile upper atinosphere. Tile Iierzberg.

I 'rzberg 11) t i l .ir e-- rgard mitlila'il14lr ilitroLvn ti lit piredIi-so'iatet| I)V alisorpticn in the Lynan-Birge.
Ih"pli,.I, band XX 11510 12-30 A.

N: + ll, N( + N J5)

Till, .e 'n.I lnv','.. kLi. wn a- tihe isii oiiaion recob)intion inecliisiml, has been discussed both by Bates

and t\ ,. K. \iitra (i1951I.
A 791.11 A

N 2 hv + - N- + (X') + -

N2 "(X') + e- - - N(P) + N(21) (6

* "iTh, latter prwe'- wa4 vmiid,.r,.,I by Del. (1952) to be important only above abotit 170 km, wile the

........ . ------ .. .....----ft tn r tir t-- i- ,'tife.ti e in tlt. ot'r iono.pherite regions. . . . . . .. . ... .... . . . . .

IIi~', t% it ra lclionii e, il ii.red favora le for tihe prodiition of N..O) by homnogeneouis gas reactions are

tmI-e ill %khlihli a, atolilir fto gien (()), and (bi) ozoin(.' ():) are tile parent particles.

N2 + ) + N - M, + .kk; (7)

(,) -1 N2 -. N2.) + (),.,(k:,) (8)

I 1  'iThu- t%,, ,liffrint hii-il di-trilutlitiin are roiinltiled for N*.) tnnt'- jitponling to reaction (8) in which the

,i',i'i'tr~i ,in .f N1 ).Il i.a-'d raipiI ?  withli height. inid reaition (7) where tilt- decrease is slower.

The ii-trilli in .f i nitric t\il, (N ) %ill i'li'nd. of t'tir-e. mi the t yil s tie llt(iof lim oxygen andi Ni.

"* ,li-tnihitiili- i--rillii.il. iit," attlir tlilillifl' that ill glieral. mlider conditions of htiottt lm ic.i cquilii-

*" rillii. tilt i lil ii i 1-ticentriltiitn of N0 ti'tirs at 4111 altitude if Iltiout 85)-95 kill, and that the inaxiniim
IN'

5!
-t

utt

)t#
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concentration dloes not exceed a value of about 2 X 1012 cmn1'. The role of photoionization of NO by

Lvman-alpha radiation in time formuation of tile D-laver is also briefly discussed.

MIriIA, A. P'., AND JON -S, R. F., 'lThe Enhancement of Ionospheric Ionization during Solar Flares," J. Atrt.
Terrest. Pihvs. 5, 104 (1951).

-Brief reference is miade to the enhiancemient of Lymian-alpha (L.) radiation. It is suggested that an
inras orInrtono oiato hog direct photoionization is a reasonable assumption for the

PJ . occurrence of fadeout enhancement of ionization. The relevant process is thle ionization of NO by enhanced

L radiation. There appears to he evidence that su~h enhancement occurs.

---. - -------- * _-IUH1A M %SMKA mt'orytof tile I Iiperfine Structure of NO Molecule,"- Phy-s. Rev. 94, 569 (1954).,

This paper by Mlizma-liina from the D)artnent of physics, Duke University, Durham, North Carolina

5 is a report on research supported lby thme U. S. Air Force under a contract nmonitored by the Office of Scientific

Research, Air Re~earchi and lievelopuncnt Command. The paper gives, the theory of the hyperfine structure

(if tile NO Molecule due to thle magnetic mnoment of the N nucleuis. The electronic ground state of tile

NO molecule is 11m 2.

The t opics di scussed are:

(1) Hlamiltonian amid Wave Function.

(2) Magnetic Ilyperfine Structure.
(3) Electric hlyperfine Structure.
(4) Effect of I13,2 State.

(5) Comparison with Experimental Results.
(6) Prediction of the IIFS of the NO Molecule in the i13,2 State.
(7) Electric IfFS Formula, for General Coupling Case.

-CH~N~iE R.EONIE. A. R_, ROTENHERc, D. L., CRAWFORD, BRYCE, JR., AND OGG, R. A., JR.,* "Thle
Preparation and Infrared Spectra of the 0-:ides of Nitrogen," J. Phys. CJhem. 58, 1047 (1954).

This paper gives imprmoveml laboratory preparations of sei-eral oxides of nitrogen. Tbe purpose was to

provide pure nitrogen oxds suitable for investigation of the kinetics of reactions of the oxides of nitrogen,

and to use the infrared spectra of these molecules for identification, or analysis.

Nitric oxide (-NO) was used as the basic starting material for the preparation of all of the oxides whose
preparations are discussed.- Methods-for the preparation of nitric qxide, nitrogen dioxide-dini trogen ietroxide--- -

(N2 n qulirim it2N0 4), ozone, nitrogen pentoxide, and anbydrous nitric acid are described.

The nfrredspecra f te ntrogen oxides were examined in the rock-salt region (650-00c )
- ,. ' ~..to finuithe abs4orption bands suitable for analytical purposes. The more intense infrared bands of the oxides
* - of nitrogen are sonin Figure 3 of the paper. Particular emphasis is given to obtaining the spectrum of

nitrogen pentoxide (NAO) free from water.

* .. OPFELL, J. B., SCHLINGER, W. G'., AND SAGE, B. H., "Some Thermodynamic Properties of Nitric Oxide," Ind.

Eng. Client. 46, 189 (1954).

A brief review of the thermodynamic properties of nitric oxide investigated by previous workers is
given. T1he exprc~sions, for entlhaipy, entropy, and fugacity are combined with the relationships for pressure

el
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J'. and isochoric pressure-temperature derivative. These are shown in Table II in the paper. The expressions

ill Table 11 were used to obtain the desired expressions for these thermodynamic properties. The prop-
ertics listed in Table 11I which is extensive are values of pressure, volume, enthalpy, entropy, and fugacity.
The data were based on a reference state of zero for the enthalpy and entropy at a temperature of absolute

zero and a pressure of 1 atmosphere for the ideal gas state.. This corresponds to the convention adopted by
Rossini (1950).

TANAKA, YOSHIO, "Emission Bands of NO in the Vacuum Ultraviolet Region Excited in the NO Afterglow,"

J. Chem. Phys. 22, 2045 (1954).

Briefly this is an investigation of the emission bands of the NO molecule excited in an afterglow in the
vactuum ultraviolet regicn. The author reports that there is an abrupt cutoff at a certain value of v'. This

was observed in the 0, y and a bands.

WATANABE, K., 'hotoionization and Total Absorption Cross Sections of Gases. I. Ionization Potentials

of Several ..iolecules. Cross Sections of NIl 3 and NO," J. Chem. Phys. 22, 1564 (1954).

In the present paper Watanabe reports the determination of ionization potentials of several molecules.

The ionization potential for NO is included and was determined to be 9.25 electron volts. The paper also

describes improved energy measuremerits of the pihotoionization cross sections of NO in the spectral region

XX 1070-1340 A. The results obtained earlier by the author (Phys. Rev. 91, 1155 (1953)) were found in the

present study to be about t0 percent too low. The photoionization and the total cross section of NO at

Lyman-alpha (1215.6 A) were 2.0 X 10- ' 4 and 2.4 < 10-18 cm2 , respectively. An absorption was suggested

3 to explain this difference.

1955

KAUFMAN, FREDERICK. AND JOHN R. KELSO, "Thermal Decomposition of Nitric Oxide," J. Chem. Phys. 23,

1702 (1955).

The thermal decomposition of pure NO was studied and found to be second order in NO throughout

the course of decomposition. The second-order rate constants defined by

- d(NO)i'dt = k(NO) 2

represent the data quite well--. --------

. The relative importance of homogeneous surface effects were studied. The effects of added nitrogen,

helium, and oxygen were investigated. Experimental details of the instrumentation, the preparation and

'* analyses of the reactant gases, and products are fully described. An interpretation is given and a mechanism

- is discussed on the oxygen effect.

-4

NICHIOLS, NATHAN L., HAUSE, C. D., AND NOBLE, I. H., "Near Infrared Spectrum of Nitric Oxide," J. Chem.

Phvs. 23, 57 (1955).

Nitric oxide is the only stable diatomic molecule to exhibit a Q branh in thle infrared, since it is the

only stable diatomic mrolecule to have an odd number of electrons. A brief discussion is given of the first

observance of the infrared spectrum of NO by Warburg and Leithauser (Ber. deut. chem. Ges. 1, 145 (1908)).

i

U
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Experimental details of the present paper are included. The molecular rotational constants for the ground
* state both for values obtained by tihe authors and the vibrational constants obtained by Gillette and Eyster.

(Phys. Rev..;, 1.3 (1939)) are given in the following table.
. 1904.03 cm -1  B, = 1.7060 cm- t

w., 1903.68 cm' = .0180 cm t

, X--# 13.97 cm1' = 16.404 X 102g cm'
wY. 0.00120 cm-1 r, = 1.1503 X 10- cm

D,2 6.8 X 10-cm- .

NICOLET, MARCEL, "The Aeronomic Problem of Nitrogen Oxides," J. Atm. Terrest. Phys. 7, 152 (1955).

A brief summary is given of Nicolet's previous announcement (Inst. Roy. Meteorol. Belgium Memoirs 19,
124 (1945)) that nitric oxide is an important constituent of the high atmosphere. In this earlier paper it was

considered that nitric oxide could be quite abundant below the transition in which a,.omic oxygen is formed

from the dissociation of molecular oxygen. It was thought that the nitric oxide molecule could explain the
ionization below 100 kin. Since the ionization potential is about 9.5 ev Nicolet pointed out that this molecule

* could absorb the Lyman -a solar radiation at X 1215.7 A.

Reference is made to Bates and Seaton (1950) who gave reasons for the difficulty in considering any other

mechanism for example the photoionization of O or Na. Reference is also made to the measurement of

absorption coefficients of NO, 02 and other molecules by Watanabe, Marmo and Inn (1953) who concluded

that the formation of the D region was due to the absorption of Lyman -a radiation which lies in an atmos-

pheric window.

Two mechanisms are given for the formation of nitric oxide in the mesosphere.

N +0 +M--NO +M (1)

N2  + 0 + M -- NO + M (2)
N20 +hy -NO +N

Reaction (1) is considered the primary process of NO formation. In a region in which atomic oxygen

concentration ip maximum, process (2) should yield NO. Reference is made to the study of absorption

coefficients ef nitrous oxide (N20) by Zelikoff, 'atanlabe and Inn (1953), and by Zeikoff and Aschenbrand
(1954) who interpreted absorption continua in terms of other possible dissociation processes. According

to their conclusions process (2) is not con,-i ,red a fundamental mechanism for the production of nitric oxide

and atomic nitrogen.

SUN , H., AND G. L. WEISSLER, "Absorption Coefficients of Nitric Oxide in the Vacuum Ultraviolet," J. Chem.
Phys. 23, 1372 (1955).

In this letter to the editor the authors report their preliminary results of the absolute absorption of light

in NO in the region from 374 A to 1300 A. Photometric measurements of 60 light source emission lines were
obtained. The coefficients u, in units of cv-' at NTP, are defined by the relation

I = 10 exp(-Ax).

The authors state that previous NO results between 1100 A and 2300 A obtained by Marmo (1953)

and Watanabe (1954) were in reasonable agreement with those in the present report in the spectral region

where overlapping occurred. A table of absoprtion coefficients of NO in the region studied is included.
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2.3 NITROGEN DIOXIDE (Nh) AND OTHER OXIDES OF NITROGEN

1910

HAYHURST, WALTER, AND PRING, JOHN NORMAN, "The Examination of the Atmosphere at.Various Altitudes
for Oxides of Nitrogen and Ozone," J. Chem. Soc. 97, '868 (1910).

The authors emphasize that the results of their experiments are to be considered of a purely qualitative

nature. The amount of ozone was too small to be detected at ground level and at intermediate altitudes
up to 8500 feet.

Attempts were made to determine and compare the amount of the oxides of nitrogen at different alti.
tudes. Some 15 experiments were conducted at ground level (1100 feet above sea level), and 30 experiments
were at intermediate heights up to'8500 feet. For these measurements a kite was used to carry an absorbing
vessel containing a solution of potassium iodide, and exposed at known altitudes. The altitude of the kite

and wind velocities were obtained by means of the Dines recording meteorograph (Nature 83, 220 (1910)).
The data from the six most successful experiments are tabulated.

Ratio Oxides of Nitrogen in Upper
Maximum Height in Ft. to that in Lower Atmosphere

8500 2.23:1
3200 1.74: 1
2600 1.76: 1
4200 1.20: 1

4500 0.93:1
4500 0.90:1

Note: These experiments were on different dates.

It was concluded that a rather greater amount of oxides of nitrogen occund at higiier altitudes than at
ground level for equal volumes of air, and that the total amount of the oxides appeared to vary from day to
day, and much less present after rain. With the aid of free balloone an examination of the atmosphere at
high altitudes up to a height of about 12 miles was made. In general the same method was employed for
the determination of the oxides of nitrogen and of ozone as in the experiments at intermediate heights with a
kite- The amount of ozone averaged 0.04 milligram in 0.1 to 0.3 cubic meters of air, while the amount

of oxides of nitrogen was shown to be less than this quantity.

1923

REYNOLDS, WILLIAM C., "Thunderstorms and Ozone," Nature 112, 396 (1923).

In an attempt to answer the question as to what chemical changes, if any, are associated with atmos.
pheric electrical discharges, the author has studied the formation of nitrogen dioxide and ozone during a
severe thunderstorm over London. 10 July 1923. The following results were obtained for the analysis of
NO: in terms of one volume of N03 in million volumes of air.

Nitrogen Dioxide Before, During and After the Thunderstorm

Before During After
London air I in 120 Lin 114 1 in 134
Upminster air (country) 1 in 350 1 in 440 1 in 400
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It %it - 4414 Ic. I thIat theire %. j - 1t4 a p' 4reci a ie inceam tc it nitrogen diox ide in tile ai r tirilg thle ii wil.

1^m e 4 iniviorat icr. It,-fcw .r ad A~ft Th1iss41eri4144rms in E~ngland

A Fe% tDay B~efore - After A Fortni-dit After
Iaon,sn air I in 23 1tin 3.2 t in 18.3

tI'jmiln-ler -I in 22 1f in I t.8 I in 18.5
St~wm N... 2

IA~l4Ifl ...-.~..j j* 44 4  I in 9.7 1

Utmin-ter I iln 18.8 1 in1 7.14

Duiring tiou fhr-iI ltemvrctc.-rrc 7 tim iiiemire 44~4cii4 %ere. fmind after the. sto~rm thain
1a4,ow, iii the air alcc. mIcicmci. A fcirinigIit aftcrw.arcl cm.t 1carl ii. M.5 miillionsl
%e-rr fc,,mI in 6,111il. 34J44. Iccr '.fi.rfi N~i 2 mimr. than o144i414i4 each v'ase wai4 W

Zfoc.nst Icmfcre tha.n, after the4 l~thmclr-itcrn.

1925

%4IS. A.1 C .. A NItI It SO(%~ A. T.. Dle etermntlion of (Nid.I of M iro4gent (e-uept Nitrou. (.)\ill() iii

Siiall Coen ral11.m1 in t ho I 'r 4.1in! (of C :4 . o liii af11 Goal G ~as a nd in A ir,~ Atialist 50). 202 (.1925).

This is an exten~il . and tlt.,r4)ugli otul u the 4141 m inatIi44f (If r-mall concentrations of the oxides

('f nitwg.' in coal p.- andI in air. -hi metIhd of Alli-on. Parker and .Jones reported in Tlechnical Paper 249,

lol Bureau of M'~ ines, 4 a~hinc'ton. D. C. % hich Ccnisted4 iII abusorbing the oi.es in anl alkaline tioluition of

hydIrogen peroxide klII24 ) was ft io.l it) gil e incomplete o~idlatjof. The4 athor4)is repxrt a l4)4iliCatiofl of

I*l -Ecspoeuewstoa irt h a sample through a bottle of knowntile afkalii4,l1.0) 111t4'tho.I V444lr4..lie~a oaprt h
- eallaeit%, adll~iftg IMl(), avidifnierl with tilfuiric avidl I 12S)O. and] allow ing the ?iample bottle to stand with

* ~freq1uent Jhiakiitg for 31 hoor-. Tbe M ltjti4Il u~a. rin~cil fito an evljniratig dlish. neutralized with KOII

m~luiion, and e% allora tedI to 41ri ne -.

The re~itltit wa.-ib dterm inedi coulqrimietr ival Ii withI phienodli-id C nie avid reagent, milaking alIka line wilth
_\1,01 ad crniarn, !il vlorStnda'd. ''ll- ethd as sniietovr I part per million of

NE) pre-ent in air. Ilie met In cl i ra palIde of in. Tea~e Sc ei. tilit to a few, part, of No) in (one hundred

milli' 4 Iv conden~itig th e dried air in m.le withI i liii. l air. t h. (02) anid No in the air condenses and the

latter %am anal%7.e~l hp the ahuoe provedtire of the e4)nflef,ate. A courrelatlion of the amount of oxidIes of

nitrogen pr-n At mo4tor- a~u. (hrig iggy weather, after heavy rains, and during clear weather

ig shown uith a brief dinctu--ion of the data ob~tainedi.

1929

FIdilTEId. FR.. AND) BRt -0tIN I. L-INST. u)ilti, ith Fluorine. 111. Action of Fluorine on Nitric Acid,
@4 Perelilorid' Acid1 andl Their Commouin.I,7 lI. (1dm. Acma 12, 305 (1929).

w hen an arpieoz -{dttion of ILM.), wa treated wlith ga~eous fluorine the following reaction was
observeti to oculr.

21IN103 + F: - N4), + 211 F

0 * N~~Ifn. RONALD C,. iv., *Thno,ohernial Equjilibiriumi ill Nitrougen Pe'roxiIe. Padrt IN'. The Relation between
1 lut44re-cfev and PhotocheciaI ittion, J. (hemn. .'oc. k1929.. pp. 1(411-16(20.

'r1 -fue,4ce of nil rogen uioid %~ii.~a - oletelei In .4p1 h I )graphedtc . Blui e light of wa veleng~th 4360 A

producjfetI an orange lurnine, eill. and ' ndet light X 1050) A a grvenisli-s ellow Iunineseene. Froin thle

..
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observations it was concluded that in the pure gas the NO2 molecule, excited by the absorption of blue or~violet light, may suffer many, molecular collie-ions before it re-emits its energy. This would explain tihe

rather wide diffuse emission bands.

.. 1930

S.*2:-. BAXTER, WARREN P., "Quenching of the Fluorescence of Nitrogen Dioxide," J. Am. Chem. Soc. 52, 3920-3927
. - ~ ~~~(1930). ... . . .. . ... . ........... . ..

The author refers to the several investigations of the photochemical decomposition of nitrogen dioxide,

particularly to the work of Norrish (1927 and 1929). In the present paper nitrogen dioxide was irradiated
with X 4358 and 4047 A lines of a mercury arc and a pressure range 0.001 to 18 mm fig. The purpose of

the study was to investigate the intensity of the fluorescence of NO itself and of added foreign gases.

Nitrogen dioxide was found to be a very efficient quenching agent, the fluorescence was half damped

at a pressure of 0.02 rm. The relative deactivational efficiencies of the foreign gas CO2, N2, 02, and H2
referred to NO 2 as unity are, respectively, 0.87, 0.29, 0.24, and 0.15.

REYNOLDS, WILLIAM C., "Notes on London and Suburban Air," J. Soc. Chem. Ind. (Trans.) 49, 168-172 (1930).

El' The author made continuous measurements of chlorides, ammonia, nitrogen dioxide, sulfur dioxide,
and ozone on London and suburban air from 1923 to 1927.

With reference to nitrogen dioxide the author states that it is essentially a constituent of town air.
j .No evidence was obtained that it is formed by the action of lightning, since at no time did the proportion

of nitrogen dioxide in the atmosphere increase during thundery weather. The amount of NO2 measured at
Upminster (suburban) was generally about one sixth of that lound at Plaistow (about 5 miles from London
Bridge). In the latter place it rose to as much as 30 volumes per 1000 million in fogg', weather. The

existence of ozone at sea level has been attributed to nitrogen dioxide.

A detailed description of the analytical methods and sampling are included.

1931"

SPRENGER, GERHARD, "Spectrographic Identification of the Intermediate Nitrogen Oxide in the Reactionbetween Nitrogen Pentoxide and Ozone," Z. Electrochem. 37, 674-678 (1931).

In this report Sprenger discusses the spectrographic evidence for the evidence of and formation of

-- -- nitrogen trioxide, NO, in the reaction of nitrogen pentoxide with ozone.

1934

HOLMES, HA.RXISON H., AND DANILLS, FARRI!NGTON, "The Photolysis of Nitrogen Oxides: N20s, N 2 0, and

* w" NO." J. Am. Chem. Soc. 56, 630-637 (1934).

Reference is made to the careful work of Baxter and Dickinson (1929) on the photolysis of nitrogen
pentoxi'k: and to Norrih (1929), and Dickinson and Baxter (1928) on nitrogen dioxide. These workers

established the general nature of the reaction. In the present study Holmes and Daniels have extended

this work to a wider range of observation, particularly at short wavelengths (436 mA to 265 mg,).

. . . . . . . . . .

.-1o. . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .
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Theabsrpton 'O~f~it~I tatwavelengths froin 430~ to 265 ing were determined for N2(), , N2 01) and

NO 2. it '.was found thtat N:( ), was decompol-e1 byv the light ah.~orbedl at 2801 andI 2651 ing with a (quantumn

efliciency of 0.6. N it rogena tetro xid e was o. b- red to .Ie. tipos.e at 2635 Ing~ with a quanito ii eflicient y of
0.4,i~hle igh atIlaeleg ts.36 ms a. I313iii Iias abhsorled %i t I. no meiasujrable le(oipo)4si Lion of

N 204. The following wa,6elengths detcomiposedl NI )%1ith the accoilwjanying quatitum efficiencies: 313 i,

1.93; 366 Ing 1.83: 402 (at 0O(J). 0.50.: and 430 mnj, 0.0) (after allowance for the screening effect of N20)4).

'1h1e_Qect_; oflie. A, N2, Q,. 112, C02 and Nd), in decreasing the photodeconiposition of N0 2 was

determined.

k I ptlIn to I

Wavelength k~o, kN~o,

q.436 0.019"

366 0.018-4 0.00821t 0
%.334 0.013 0.10

31 .0,3 001 0
302 0.0053 0.0085 0
280 0.00263 0.01-17 0.0029

.~265 0.00136 0.02.13 0.0063

STODDART, ERIC M., -The Oxyg~en kfteralow," Proc. RvSo.(London) A 1.47, 44(1934).

A description of the electrodeliess, discharge apparatus is given. With reference to the role of nitric

u'oxde it is stated that the afterglow is re-torel 1), the addition of nitrogen to glowless oxy gen in electrode

discharge tubes. This phlenoiliienon is not observed when eiectrodeless tithes arc used.

The follo14ing conclusions were note'd as a result of the experiments described in the papeO. (a) Ordi-

nary electrode discharges through oxygen -nitrogen mixtures read ily syn thesizedl nitric oxide, whereas the

formation of NO did not occur if electrodevles.s discharges were emnployed. (b) The addition of nitric oxide

tan electro(Ieless discharge throughi pure oxygen produced an afterglow. (e) Tfle afterglow spectrum

A4200 A to 67 00 A consisted of weak diff use bands.{ 1935
1ELVIN,1 EUGENE H., AND WULF, OLIVER R., "Ultraviolet Absorption of Mixtures of NO, NO 2, and 1120,"

___ -- J. Chem. Phys-. 3, 755 (19351);

Tbe authors state that in considerable amounts of NO containing small amounts of NO 2 a continuous

absorption occurs in the ultraviolet which obscures I oth the absorption of NO andi that portion of the

absorption which lies below 2500 A. This is considered to he dune to thle molecule N2 0 3.

* In Figure 1 in the paper the absorption huandis occurring in mixtures of NO, NO2, and 1120 (probably

due to 11N0 2 ), together with a compari~on spectrumn of No,. are shown. F~iguire 2 in the paper shows the effect

of increasing nitrogen dioxide (NO 2) to a coin-tant pressujre mixture of NO) andI 1120, and similarly the effect
of increasing nitric oxidle to a con!tant pressure of No. n [) In F.gr, nth ae h ifuneo

1120 upon a mixture of NO and NO 2, and the temperature effect are shown.
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TIhe qutestionl is raisedi os to the N-03 con tent of "Pure No.-," since in a mixture of as pure

2N0O2 N 204

as one can prepare there exists the equilibrium

NEWN F'. If., "Air Afterghws," Phil. Jlloe. 20). 777 (1935). -

Tii s a stilds of thle spectra of air anti oxygen aftergiows. It was found that with air the aftergbow

*wats at first very faint at all pressurees. but after the discharge had been passed for some time the intensity

increaei lit,1 resuilts obtained in this investi',ation lead to !lhe conclusion that both oxygen andt air after.

,lovs s arise from the oxidatlion of nitric oxide Itv ozone, both nitric oxide and ozo~ne being forined in the

dislia rge tutbe,. [The produciIt thus formued a higrher oxide'of nilrogen) gave rise to the faint-diffuse bands

U between X 1201) AX and X 6700) A.

sf E:. [.-* if. I... N 1) fitt)IU i. .1 i.. heReactions of Some Oxides of iNitrogecn with Atomic Oxvyen

and Mitrooecn," J. Ant. Chemn .Soc. 57, 1471-1476 (1935).

Reference is mnade to the role played bythe oxide.,of nitrogen in the nitrogen anti oxygen aftergiows.
The following reactions were stud~ied. '(a) The reaction between nitrogen dioxide anti oxygen atomis produces
a characteristic oxygen afterglow according to the reaction,

.N0 2 +O0-'NO+0 (1)

(b The reac'tion between nitric oxide andi ox uen a toms is the reverse of the phoittoceic~iial decomposition

of nitrogen dioxide.

N 02 .- NO( + 0 (2)

Beftru'nce is made to Norrish 192t)), irkinson anti Baxter (1928), and Mecke (19:30) who stutdied

this reat ion. ' I cke hadt conchida ed that ligh t of X 370$)A decomposed N02) according to reaction (2).

Wh'n nitric oaxide was introduacetd into pure oxygen gas whi~H is partially dijssociatedl into atomic oxygen,

* -the ox~gen afterglow was obtained. It is concluded that the reaction,

N~O + 0 --- N02

Sich presumably takes p)1 ice hy triple collision causes the oxygen afterglow.

1937

Jt)1. EH~:STJ..AM) tLF.OLIER Rt., -7he Absorption Coefficient of -Nitrogen Pentoxide in the Ultra-
L~ie an ihsile Absorption Spectrum of NO,, J. Ch m. Ph. ,87-877(13)

The authors obtainedh spectrogram, of the gaseous sys.tem N205,-03 during the decomposition of the

ozo ne andtiht -a abwetquen t deca mu poA I ion of N2( )5. v a stjit abHe arrangernen t in experimental udetails it was
pov~-ihah ttm obtain s pectrogramns whien the absorption was chiefly that of NQ, (nitrogen trioxide).

In cotarse of time the No,) anti 0), steatlh decrea.sed. ti. c ontents tof the absorption tube ps ,ng from

* t that of vi~imallv blIte througah a colorless; stage which was fokelby the appearance of brown finmes of
F .X~~~~A t hi point of4 abhaentc of both oztone antd nit rtogen tdiox itde a spectropha toietric ticterm in ation of

thre inttn'it. of N,?)I, in the ultraiiobet was made. The absorption coelituents. (It- of N,\2(Q waIS Intastretl

o~ cr t he Ns a idenrgft i region 38004 2830 A. Thiie vlIue ob tai netd as 3800 A was 0).Wt':!. anti s teadlily increased

to approximately 0.32 at 2850 A.

- - - -- - - - - . -. ... . . .
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At tine time when the absorption tube was visunally blue %hen the absorption was dine chiefly to NO,,
saifatrysecrgam *eeoltiei orN ).Te experimnental uletails are describedl in full, as wellU -as the results ann1 stibsequnent udiscussion. Thie N03J is anl. odd' molecule, containing an odd number of

electrons, which inav account for its in~tense blue color.

KLEMENC. ALFONS, AND) NEU MANN, WALTER, 71DnVetiation of the Formation of a higher Oxide of Nitrogen
(N03) in the Action of a Glow Discharge of Gaseous Sy steins of NO,.-O2,," Z. urmorg. allgem. Chern. 232,
216 (1937).

The authors have inv*estiglated the poss-ib~ilityi of tihe fornmation of a highner oxidle of nitrogen such ag
(NOn) by passing a glow discharge through N( 0.,) mixtures. They~ repuort thnat no) suchl comuponund as N03)

* was obtained. The nitrog'en dioxideC was abuut 95 percent dsu'conposed in thne discharge and excess oxygen
had no effect upjon1 the reaction.

The authors state that nitrogen trioxiule (.0)cal nv e obaie by vaoizto of a gas mixtunre(N 3  Ln~meotnei V~pr~to

of nitrogen dioxide and ozone.

SCHUMACHER, Ht. j., "Nitrogen trioxide (-No),)," Z. anorg. algem. Che'm. 233, 17 (1937).
This is a report on the formation of nitrogen trioxide (NO 3) by the reaction of nitrogen dioxide with

ozone.

NO2 +0 3 sN0 3 +O02
This reaction is followed by thc reaction of tine NO03 pnroducedl with additional NO2 .

NO 3 + N0 2 -N 205
Under a given set of conditions a definite concent ration of NO 3 can be obtained since the N20s liberates a

definite amount of 1N2which may react. with 03.

1911f

-DL RHR, AND LAMPLAND. C. o.. *The Discovery of a New Constituent in -ihe -Earth's Upper Atmos-
phere, Nitrogen Pentoxide," Bull. Am. .leteorol. Soc. 19, 33 (1938). -

This is an abstract of a paper given at the joint session w~ith Section D (Astronomy) at the Indianapolis
.. Meeting 27-29 December 1931 of time American Meteorological Society. Adel and Lampland reported at

the Meeting their discovery of the presence of nitrogen pentoxiule as, a new constituent in the high atmosphere-
The location in the atmosphere of the new constituent is probably coincident with the ozone layer (10 to
25 miles above sea level).

W - The discovery was made spectroscopically by observations in the far infrared region of the spectrum.
A humid atmosphere obscures the infrared spectrum of the new constituent. The dry air above the Lowell

* ~ ~ Obervatory (Arizona) was essential.- It iwassuggeste1 that the new constituent is the photochemnica
resultant of atmospheric nitrogen, oxygen, and ozone.

1939
ELKINS, HER VEY B.,"'Toxic Fumes - In Massachusetts Industries," Industrial Mted, 8, 426 (1939).

This is a report by Hlervey B. Elkin-., Chemist, Masgachusetts Division of Occupational Hygiene,
Boston. The author states that most occupational diseases fall roughly into one of three groups:



+/ -

106

(1) Dust diseases.

(2) Occupational dtimatoses.
(3) Poisoning by toxic fumes and gases.

In order to obtain data on as many toxic fumes as possible the author prepared a table of existing
threshold, or maxinumn allowable concentrations of solvents and gases known to he toxic. This list was
sent to some 19 American anti 8 foreign authorities. The suggestions and criticisms of the replies from
tliis questionnaire %ere tabulated and considered in detail by the Massachusetts Dust and Fume Code
Committee. From a careful study of this evidence and additional literature research the w.aximum allow-
able concentrations (threshold) for some 40 substances were proposed.

This is probably the most complete and thorough compilation o i maximum ailowable concentrations

for industrial oases and fumes prepared up until 1939. A few of the toxic gases are listed in the table below
from which NO: may be compared with some of the better known toxic gases.

Gases * Threshold Conce~or'tion
ppm

Nitrogen dioxide 10
Hydrogen sulfide 20
Hydrogen cyanide 20
Ozone 1
Chlorine 1
Carbon monoxide 100
Ammonia .100
Sulfur dioxide 10

1941

BARRIER. D., CIHALONGE, D., AND MASR1ERA. NM.. "The Afterglow Accompanying the Thermal Decomposition

of Ozone,- Compt. rend. 212, 984-986 (1911). .

These investigators observed that above 150°C the decomposition of ozone is accompar ed by radia-
tion of light which increased with rising temperature. Ozone from air or nitrogen containing some oxygen

fl produced a strong afterglow. If the ozone was prepared from pure oxygen containing only traces of nitrogen
the afterglow was weak. The spectrum is continuous and extends froin X 3850 A to X 6500 A. The diffuse

~*.\ bands are ,hue to nitrogen dioxide.

EDGAR. J. I.., AND PANETH, P. A., -The Separaticn of Ozone from Other Gases," J. Chem. Soc. (1941), pp.
5.".* 511-519.

The method described by Edgar'and Paneth in the present paper is based on the condensation of ozone
...... on the surface of specially prepared silica gel, and its separation from other gases by fraction ' distillation.

Ozone in any degree of dilutifa when passed over silica gel cooled in liquid oxygen can be frozen out quanti-
tativelv, and recovered without decomposition by subsequently raising the temperature of the silica gel.

* ".'. The separation of ozone from nitrogen dioxide in atmospheric air is described. The boiling point of
-W nitiogen dioxide is about 22°C, making it possible to keep NO2 in the condensed state on the surface of the

silica ge-l while distilling off the ozone (boiling point - 112.3'C). It was found that when both gases (O,
and NO2 %ere first condensed on silica gel in a trap in liquid oxygen, the temperature afterwards raised
to - 120°C while a current of oxygen gas was passed over the gel, the ozone was obtained quantitatively
and no traces of nitrogen dioxide could be detected in the effluent gas.

-°%
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EDGAR, J. L., AND PANETH, F. A., "The Determination of Ozone and Nitrogen Dioxide in the Atmosphere,"

J. Chem. Soc. (1941), pp. 519-527.

The method described by the authors in the preceding paper (J. Chem. Soc. (1941), 511-519) demon.

strated that N02 and 03 could be sharply separated by adsorption on silica gel and subsequent distillation

in a current of oxygen at a temperature not exceeding - 120*C. The nitrogen dioxide remains absorbed.

The analytical determination of the N02 was accomplished by attaching the cooled trap to an evacuated

vessel of about 3-liter capacity, which contained an acid solution of hydrogen peroxide. The trap was

immersed 'n boiling water anti flushed out with a current of air into the evacuated vessel until atmospheric

pretesure was reached. The nitrogen dioxide was left for several hours in contact with the hydrogen peroxide

solution.

The nitrogen dioxide thus converted to nitrate was determined with 2:4-xylen.l-ol, forming the nitro-

compound of 2--xylenol which is highly colored in alkaline solution (brown). One milliliter of the xylenol

reagent was added and the mixture later steam-distilled off, and Nesslerized by comparison with standard

color discs.

No attempt was made to correlate the possible bearing of the ozone and nitrogen dioxide content of

London air with meteorological conditions. From the results obtained the nitrogen dioxide content of

* the air in the atmosphere over London was comparable with the amount of ozone present.

1943

PRICE, w. c., "Absorption Spectra and Absorption Coefficients of Atmospheric Gases," Reports Prog. Phys.

(Phys. Soc., London) 9, 10-17 (1942-1943).

The absorption spectra of N:O, N20 3, NO, NO-, N205, and NO3 are considered. Statements are made

concerning the possibility of their presence in the atmosphere. The abstracts of the report on the above

'VI. gases are included under the abstract for nitrous oxide (N20), page 36.

* SUTHERLAND, G. B. B. M., AND CALLENDAR, G. S., "The Infrared Spectra of Atmospheric Gases Other than

Water Vapor," Reports Prog. Phys. (Phys. Soc. London) 9, 24 (1912-43).

The authors state that the evidence for the presence of nitrogen pentoxide in the atmosphere is rather

weak. The main argument for the presence of N205 in the atmosphere is the reported band at 7.7 ji, which

later was shown by Hiettner, Pohlmann and Schumacher (1934) to be due to N20. The ultraviolet spectrum

region does not appear to lend support to the presence of atmospheric N205.

BEYER, KARL, "Determination of Nitrous Gases," Z. anorg. allgem. Chem. 250, 321 (1943); Die Chemie 56,
14 (1943).

,.1

Two methods for the determination of nitrogen dioxide in air are described. The first method consists

in absorption in alkaline iodide solution, reducing the nitrate and nitrite formed to Nti, and the subsequent

titration of the latter.

The second method involves the photometric determination of NO, by absorption in alkaline solution,

and measurement of the color produced by the addition of Ilosvay reagent. The second or colorimetric

method permits the determination of low concentrations of NO 2 and in a much shorter time than the first

or titrimetric method.

-4.

4.
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CUOLAK, JACOB, AND MCNAlY, ROBERT R., 'Determination of the Oxides of Nitrogen in Air," J. Ind. llyg.

Toxicol. 25, 351 (1943).

The authors from the Kettering Laboratory of Applied Physiology, College of Medicine, University of

Cincinnati, Cincinnati, Ohio have given an excellent discussion of methods for the determination of the
oxides of nitrogen in air. Details of five methods are given.

• .'-$ (1) Phenoldisulfonic Acid Method...

(2) Diphenylamine Spot Test.
(3) Chloranil Reaction.
(4) Titration of Liberated Iodine.

. .. (5) Polarographic Method.

- Comparison of Sensitivity of Methods ... . .

Method mg Nitrate Detected

Polarographic 0.0005/ml solution in
polarographic cell

Diphenylamine 0.0025
Phenoldisufonic acid 0.005
Chloranil 0.025-0.050

PArrY, F. A., AND PErrY, G. M., "Nitrite Field Method for the Determination of Oxides of Nitrogen," J. Ind.
•lyg. Toxicol. 25, 361 (1943).

The authors utilize tile Greiss-llosvay Reagent (a mixture of sulfanilic acid and alpha naphthylamine)

for a field method, and employed sodium nitrate color standards. The method of analysis, instructions for
sampling, preparation of color standards, convenience of the method, interfering substances, effects of
temperature, accuracy andi precision are discussed in detail.

1944

GAYDON, A. G., "Continuous Spectra in Flames: The Role of Atomic Oxygen in Combustion," Proc. Roy. Soc.

(London) A 183, 111-123 (1944).

The yellow-green air, or so-called oxygen, afterglow, obtained when a discharge is passed through air

or through oxygen containing a trace of nitrogen at a pressure of the order of a millimeter of mercury was

studied. It was observed that when a very slow stream of nitric oxide is admitted and fairly pure oxygen
is used in the discharge, a-bright glow was obtained at-the point where the gases mix;-

The author suggests that the yellow.green continuous spectrum emitted by some flames containing

oxides of nitrogen is probably identical with the spectrum of the air afterglow and is due to a reaction
between nitric oxide and atomic oxygen. It is stated that the absorption spectrum of the molecule of NO 2

shows a handed structure in the visible region which would indicate that absorption in this region yields an
electronically excited stable NO molecule. At about 3700 A the band structure merges into a continuum

Sindicative of the following process.
NO2 + h- NO +0 (1)

"* - The reverse process,

NO + O NO + hy (2)

.2

..W _.
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wouldl result in a continuous emistSion with short-wave limit at about X 3700 .A. If an electron transition
probability of the order 101 or 106 per see is a -Ssuned, anti a dluration of the order IO-12or 10-13 sec for a col-

lision, the probability for re action (2) is about 10-s which appears to be of the right magnitude for reaction (2).

1946

IDi), B. F., AND MELLON, M. , Coloriznetric Determination of Nitrites," Ind. Eng. Chaem. (Anal. Ed. 18,

96 (19,16)).

This paper de-scribes the authors' experiments upon the us:e of a General Electric recording spectro.
phtmtrand a Beckman s pec tropho tonieter todetermine (a) the effect of reavent concentrto,()lgt

(c) nitrite concentration, andI((d) the presence of 68 diverse ions on the reddish purple color produced by
sulfanilic acid andi alpha-naplithN lamine in the presence of nitrous acid.-

-. Sulfanilic acid (4.aminobenizenesulfonic acid d tiazotizes nitrous acid, the diazonium corn.

NH.

pound formed reacts with a.naphthylamine (1.aminonaphthalene {)J)to yield, a reddish purple

colored compound which has its minimum transniittancy near 520 mju. The reactions involved are repre-

sented as follows:

+ N02 + 211+ - 50f + 21120

*sulfanilic acid nitrite acetic acid diazonium compound

+
N~N=N

+ H\

Z10.1 If'. H NH*
- - .diazoniumn compound a-naphthyla mine reddish purple dye

Reliable determinations can be made by the recommended procedure in the paper in the range of

0.025 to 0.600 parts per million of nitrite ion.

* STODDA~r, E. M., "Effect of Drying on Nitrogen Oxides," Nature 157, 702 (1946).

This is an abstract of investig~ations carried out by Stoddart and reported in full in J. Chzem. Soc. (1945),

-- pp. 4-48-431, on the effects of drying the oxides of nitrogen over P2 05 forming a compound P205 - 2-N09
thus shifting the equilibrium

N204  - 2N02

* to the right in the liquid. The liquid N204 reacts slowly with P 2 05 liberating oxygen causing an increase

* in pressurt. ...1
*. . . . . . . . . .. . . . . . . . . . . . . . . .
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The dried liquid has a normal vapor pressure, and the results obtainecd by Stoddart on boiling points,

su rface tension, liquid ,heniity, and dielectrii" constant show that drying does not influence the physical

properties.

1947

AVERELL. P. R.. HART. IV. F., VOODRERRY, N. T., AND BRADLEY, W. It., I.Determination of Nitrogen Oxides
in Air," Anal. Chem. 19, 1010 (1947).

Reference is made to the colorimetric field nethod forestimating thecontent of nitrogen oxides in indus-
trial atmospheres by Patty and Petty (1913). The method is based on the hydrolysis of N 2 of N2 0 4 to

nearly equimolecular amounts of nitric and nitrous acids with alpha-naphthylaimine, sulfanilic acid, and
acetic acid. the nitrite ion reacting to give a red color with the reagent. The disadvantage of the method

was that a field kit was necessary to carry a standard fresh nitrite solution to be made up into standards
daily.

'The authors in the present paper have described the preparation of permanent color standards corre-
sponding to 5 to 50 ppm of NO: in 50 ml of air at 25°C. The color standards were made from cellophane
strips blended with suitable dyes and calibrated by comparison with nitrite standards prepared by the
method described by Patty and Petty (1913). The testing procedure is identical to that of Patty and Petty,
except the use of the dyed cellophane standards obviates the necessity of preparing color standards from
various concentrations of sodium nitrite and the alpha.naphthylamine, sulfanilic acid, acetic acid reagent
in the field. The cellophane standards proved to be quite satisfactory for field testing.

DEBIERNE, ANDRE, "The Bikini Cloud," Compt. rend. 22t, 1220-1222 (1947).

In this paper the author has discussed the presence of the oxides of nitrogen in the atmosphere from
. atomic bomb explosions. The presence of these oxides is confirmed by the reported color of the cloud.

Theoretically 50,000 kg (55 tons) of nitric acid could be produced by one such explosion. The importance
of this large amount of acid on meteorological phenomena is considered in the report.

HIEBER, WALTER, "The Structure of the Oides of Nitrogen," SitzJber. math-naturw. Abt. bayer-Akad. Wiss.
Munchen (1947), 175 (1949); Chem. Zentr. (1950), I, 681.

The authors report that the oxides of nitrogen, N 203 and N 20 4 , may be regarded as nitrosyl compounds

in which the NO is present as the NOW radical. Thus N203 is considered to be (NO+)20 and N 20 4 as NO'NO3.

The deep color of nitrogen sesquioxide (N2 0 3 ) is explained from this structure and is due to the polariza.
*- tion of the 0- ion. Since the N0 3 - ion is only slightly polarized, nitrogen tetroxide (N204) is colorless.

1948

FLAGG, JOHN F., AND LOBENE, RALPH, A Rapid Method for the Determination of Nitrogen Oxides in Air,"

J. Ind. ttyg. Toxicol. 30, 370 (1918).

Two distinct and different methods for determining nitrogen oxides (NO, NO2, N201) in air are available:
" (1) Oxidation of the oxides to nitric acid using hidrogen peroxide in suitable solution. 'rIhc nitric acid is

. then determined by conventional methods, such as diplhenylamine, chloranil, phenoldisulfonic acid, or
-' polarographic methods. (2) Absorption of the oxides in a suitable solution, and the determination of the

4,

I
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nitrous acid with alpha naphthylamine sulfanilic acid reagent. Permanent color standards have been
b* developed for this method.

in"The advantages and disadvantages are given for each method. The method described by the authors
in the present paper involves the absorption of the oxides of nitrogen on silica gel, treating with diphenyla.

----- mine, and comparing the color with standards. The sensitivity is 1-50 ppm (parts per million) of NO 2

The advantages claimed for the method are sensitivity, speed, and the requirement of only simple apparatus.
and reagents. The disadvantage is moderate accuracy.

JOUNSTON, w. s., "Some Methods of Detection and Determination of Gases Encountered Underground,"
S. African Ind. Chemist 2, 107-111 (1948).

- In this paper read to the South African Association of Assayers the author from the Geduld Proprietary

Mines, Ltd., states that in confined places such as underground workings, small quantities of certain gases
may seriously -impair the health of the worker. The noxious gases encountered underground are: nitrous

- .' fumes NOt, 112S, IICN, SOt, C114,.CO, and CO2.

*: The Mining Regulations No. 58c and 63b state that no practically detectable traces of the oxides of
nitrogen shall be present in either gold or coal mines under the Mine Works and Machinery Regulations.

- Nitrous fumes may be produced by the burning of low grade cheesa sticks or the detonation or burning of

nitroglycerine.

It is stated that nitrous fumes are among the most dangerous gases encountered underground. Exposure
to 0.05 percent of NO2 for 1 hour may cause death through bronchitis within 24 hours. The potassium
iodide method was employed in the determination of the underground NO2 .

I 2KI + 2NO + Ch -- 12 + 2KN0 3

.. The iodine liberated is estimated by titration with N, -10 sodium thiosulfate with starch as indicator.

The sources of the other gases encountered underground, their detection, quantitative determination,
and Mining Regulations concerning their presence are discussed in full.

1949

, JONSTON, HAROLD S., AND YOST, DON M., "The Kinetics of the Rapid Gas Reaction between Ozone and
Nitrogen Dioxide," J. Chem. Phys. 17, 386 (1949).

..... .This is a study of the kinetics of the fast reaction between ozone and nitrogen dioxide which has been .

. found by Wulf, Daniels, and Karrer (1922) to proceed quantitatively according to the equation

2NOi(g) + 03(g) - N2O(g) + O(g)

The experimental method, apparatus employed, results of the rate measurements, computations, effects
• "of temperature, and a proposed mechanism to account for the observations are described and discussed in

detail. The rate law was found to obey the equation

d(03)/,'dr = k(N0 2 ) (03)

for the entire course of the reaction. The energy of activation was found to be 7.0 -- 0.6 kilo-calories per
mole. At 21PC the average value of the rate constant k is 3.66 X 10" cm3,'mole-sec, the standard deviation
for 27 cases was 0.3t in the same units, the standard error of the mean is 0.07.

S
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Ii thIis le tter ttl the' tcilitor thle a ut I rs state tat it is a matter of gencral exp Ieriencte tiat pho lotlieinial

rt'aet lolls are it muchIol alt eredi itt tblir Cl tarw, bN chian ge of1 lightt in tensitv . 'I'lle range o~f light intensity

liii lerto a~ ailalile lia, Itto limiteid b% thlat o1l'tainalole Irmfirt, s un and I iuni $1141 sm~irce., as high1'pressulre

werctur) laimphs. the tt it a ia lie oultputt of' %ic ii in thle rt'giti bet i* en 2004) and 5000(tt A h tpes ntpt exceed

]0"' ijiailta set-mil.

A de-scripjtOtn is gil en of tilie gas-tIieliva rge fla-li -Ia rp -Aich l had recendyI been detitlt 1 ed for pholti)

g raphtic jtu rjites. Tihe Outpiut is ule~triei leI as being (tiltill li s do4w ii to) at least 2000)1 A, and a ppetars to

lit, fiirlI t'icnii tlistributetl. A table is includeid Which gilds the percentage tlecornptwstitn with a single

flai Iaof 1001)1 Jititide, las tin g iv:-s thfan .2 Ili e (lit er vemoid s). 'Thle ms tanice is eontIain~ed ill a qu a rtz Itube,

title meter long. IN irig pa rallel' too the lamip.

,\itrtgt'n dioxaie (NI )2 is t(tle Of tile -tib. tailcs listedh i thet table tinder a plressuire of 4 (-in Jig, N02

Hi~iead-* lu00 lp rvet ii i~sti a tvd unde14irIl th emidtIit iiis of the ex perimentI.

PERt EtGL 1), E. A4., "G(as Anali ztr.Cidt'riieter of V~isual Ii p' Zonodskava Lab. 15, 665 (1919).

TIhe apparatus desc~ribedi in tis haiper cmttnisteol of a smnall ab~orptittn bult into w hich tilt- gas sample

iin t routluie.d4 fit tn a samle t pipe'ltte. NiIrt tgt'n thit iltid is dieterinmet I) b li ho the bulb vitill safranine solti-
in a nd th li'cl i 1 ntil miuctil is t" tntpared visuall i1%ithI a color-conctn t rat ion scale.

1101 ES IIA? . N. tG., A1ND 4:1 HIN.A. *V. V.. l-Det eriinat ion of Sulfuiir Di )oje- antd Ni trogen Dio xiidet in Aijr,''%
;i~itu i ~,,iz(191i0)' No). 11, 26 29).

Nit rI tt'n Iii ~i It is deIte rm1ined~t b% ta -iu ilei air -a n llt thlrt tgla an 8 perce'nt M(Plti i tA Ilitassiti in

mittdvth. anil a nail itz I' cli tt'rital hi hIiiati tt ia l ion of ,ulIfaiilitv acidh, ct tiplinrg A i tli -n a JIIItti ai tilli

te jirt'-l're o~f st hnt i tt. 'Ihat. t ih ,r %shitc is tie itIi9clpe is ctiti paretl %sit ntiandt ari ol Ii sa ipie .

Hf:?:D I), ER to :R HE ttGII. MVI A., VND STRiIBLEY, litTIl t F., JRt., fIte Petrolhetum Indutstry andti nIno"

:lnt g is a t'on trat't ii of thle Afptin Is natke a)n ntog. It has Iteme a matter o)f i ntreasi,it concern in

te I,,.; An gt'et area. den I~it" ItA id i it in in which natuIirai haze anti air t'onlain in a ris prtoiduce a

murky atum-phitre uihic it i tnttiine, but ntot necessarihv., causes eye irritation. -

ta resutit iof thmtiuailths of anal% tical tt'-t.s iade oil a daily basis the( follwing, tale is inclutdted showing -

lie a liiiti i (of' ilt aimm an t. in the air nitlwn t ownr LoIs Angelts, area.

Contaminant Usual Coneentration

Stlitird.i,)jit1' (So.) Trace - 0.5
Sulfur tiioxide (Si., 0 -0.1
AlelI"5. 0- 0.3
(Xtrlion mtinnoide (CO.) 0 -0.2
Nitrol flzide" (No), NO., N..0.) - 0.5
Stlitfr (Orlmental) 4) -'Trace

Tfb paper is eloncerneii primarily with the aniotints of sulfur idioxide released to the atriio-4pherc by

refineries.

%S



113

SCHRIEN K, If. If., IEi NIA NN, If t [itY, CLA YTON, GEbORGE D., (;AFA FEF, IV. 3. ~ ~X~I IHC,"i olto
in Donora. l'ennsi hIvania. E pidemfiology of the UnIusual Sinog Epjisode of October 19-1W," U. S. Puoblic

Health Bull. No. 306. 173 pp. (191,9).

During the last %eek of O ctobier 19M1 a heavy sniog settled down over the area surrounding Donora,

Penns' Ivan ia. NMetcorolo-,ists ile~cribecl the condition as a temperature iI~trsion and an~ticycl0nic' char-

-- acterized by little or no air iano~enaefit. prevailing over a wide area of %C.,terti Pennsylvania, eas~tern Ohio,

and parts of Mary land and Virginia. There was a prolonged stable atmlospheric condition accomnpanied

by fog, permitting the accumulation of atmiosphecric contannrants resulting in dense smnog.

The smog cncompasscd the Donora area on the m'orning of Weilnesilav 27 October 19141. The ,ruog

continued thirough Thursday. On Friday a marked increase of illness becamec prevalent with the result
that by Saturday evening 17 persons %ere dead, A hile 3 mnore decaths followed a few day s afterward amnong

those who fell ill during the smtog.

This study is a detailed report of an investigation, by the Division of Industrial hlygiene of the Public
Health Service in Washington, .I). C. The report comprises 173 pages. The plan of the investigation was

(1) to ascertain the cause of the Donora episode, and (2) to obtain information applicable to preventingm

future occurrences. Three major factors were investigated: (1) The effects on people and animals, (2) Con.

taminants, and (3) Meteorological conditions.

With reference to the (determination of atmiospheric contaminants the oxides of nitrogen were deter.

mined fromn atmospheric and stack gas samples. The mnethod eniplo~esl consisted in absorption in sulfuric
acid and hydrogen peroxide. T1he oxidized nitrogen oxides were determined coloritnetrically by the phenol.
disulfonic acid miethod. The color %sas mneasured at 4110 tnillimnicrons (mni) by the Coleman spectro-

photometer, an,1 the nitrogen concentration read from a standard curve. T1hme following table gives the

results of the analy ses.

Concentration Itangc Number of Samples
PPM

0.00-0.19 23
0.20-0.39 3
0.40-0).59 6
0.59 or overI

The concentration- of the oxidles of nitrogecn we-e of a low order of mnagnitude. In the discussion of

the cause of the episzode. the concentrations of the oxide., of nitrogen found in the 'atmosphere during the
investigation were so smnall that the possibilitv was remiote that levels accumulated during the October

1948 episode were capable of producing the syndrome observed.

The summary and conclusion of the investigation indicated that the episode in which a total of 5910
persons, (42.7 percent) in the Donora area were affected, w-as not an accidental occurrence but rather resulted
from the accumulation of atmiospheric pollutants during an unusually prolonged stable air condition. No
single s,~btaince vas responsible, the sy ndrome could have been producedi by a combination, or summation

of the action, of several contaminants.
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NEILL. 11. W., 'AuInospheric Phenomena at Ihigh Altitudes. Oxides of Nitrogen," University of Michigan,
Signal Coirps project l7 . Progress Report No. 17. 14 November 1949 to 13 February 1930, Contract
No. MI-36-039 stc 32307, page 22 (1950).

Tme author states that in a survey of the d!ifferent experimental chemical techniques for the dletection
and measurement that miethods exist for all of the oxides of nitrogen except nitrous oxide (N20). The tech.
nique is incapable of distingihimng between the different oxides, NO, NO2, N:04, N203, or N205. A dis-
tinction bu't~een these oxides would be quite meaningless because o' the comparative ease with which they
are traitsfornied from one form to another.

Reference is made to the miethmod of converting the oxides to the nitrate and the sub~sequent detection
by one of the following tests (a) chioramil, (b) phienoldisulfonic acid, (c) diphienvlamnine. and (dl) piolaro.

graphmic ntinhoul. It is pointedn out that there are also techniques for the (detection of nitrous acidI formed by
time soluition of No,) in water. Tlhe method involves the use of acetic acid solutions of sulfanilie acii. n(1

alphia-taphith~ lamine (the (Creiss-Ilosva.- reagent). The acetic acid solution of sulfanilic acid converts the

nitrite to a diaio compound which reacts with the alpha-naphthylamine to form a red diazo (lye. lReference
is made to the adaptation of this technique by Patty and Petty (14)ieiing a micro method for the
analysis of No, in small samp)les of air.

The author describes the adaptation of the method of Patty and Petty to test gas -samples of air of the
order of I nil N.T.P. The method was thoroughly checked for reliability, sensitivity and selectivity by
employing variousm. specially prepared gas- bdend-4. The author reports the results of the analvois for N0 2

of four rocket samples, shown in the table below. There was uncertainty as to the soumrce or the form of these
oxides at the time of collection or formation. The following equilibrium equations art given as being of
s-ignificance. 

dr

01 +2N0 4- 2-NO2 (1)

Room Temp.
2N02  N204  (2)

NO +NO2 NA0 (3)

Results of Analysis for N 02 from Rocket Samplei

Rocket No. Breight of Sampling Analysie by Volumme
Km ppm-

A P L V.2 p35 55.4-65.5 83
A P L V-2 #40) 49.0-59.8 IS0
Arrober SC-2 49.6-53.6 480
Aerobre SC.3 47.0-50.A 60

OGG, RICHARD A., JR., -Nitrogen Pentoxide Formation in the Oxyger-Nitric Oxide Reaction," J. Chem. Phys.
18, 770 (1950).

*The author states that the standard free energy change of the reaction,

2N0O + 3,"202 -. NAO 1

may be found from the well-known thiermiodynamic properties of NO and 02 together with the heat of forma-
tion of N206.



Front preiio klicetie con1,i I,rationis it haid Iwen ospecJ~4teII that uander proper conditionis the rate of
rectioni (I) miight be r-igiiificant itn the rate of the reaction

'NO) + of -4 2N0s (2)

%hlieli prriotj4 hadl heen ceon-i Iereil the. sole priwtess of the oxygezr.nitrie oixide Systeml. The following
propomeAl inet-ha.,I-1m in gn'.en for reaction (I).

NOI,) + I0h + N)- N O, NO, k. (a)

No, + Not - NAO kb (b)

NO0a + NO- 2NO, kAtcW

It A ao concludled front the r-*uIts of the experiments in) this inviestigatioin that N,4) . unequivocally,
its fornied in .ignifiivant anmuntz .A brief dlescription of the experimental method, anti a discussion of tile

data obtained are included.

;:W 4 DF, Ifk I.% N 1 A., 1. fi. B. LKIN. E'% EV H.,1N) HOL'TOLO, BIENJAM.IN P. W., "Conmposition of Nitrous Fumes
frnlniutrial l'If~.~ rch. Ind. IHg. Orcunitional Afed. 1, 81 (1950).

* The authors state that of the toxie gases occurring in industry which occasionally jeopardize the public,
the oxides 0 f nitrogen are anhimng tlhe most dangerous. Ile frence is made to the Cleveland Clinic film disaster
in 1929 in %.hich 125 deaths reul ed due to thle inhalation of these fumes.

The folkowiag topics are Con~idlered in the report: (1) Chemistry of nitrous fumes. (2) Toxicologic
olbservatioms. (3 Laborator'. e% ieriiients. (1) Composition of nitrcus fumes unabsorbed by'silica gel.
(1) Field experimnents %shere ..tuihies %sere mnade in eleven establishments of nitrous fumes given off in actual
indu.-trial prwceses. ko) I'ernii,silile concentration for nitrous fumes.

The author,; report a turthoi or the separate determination of the nitric oxide and the nitrogen dioxide
in the air, based on the fiiet that (1, is absorbed by silica gel. Thie efficiency is approximately 801 percent,
andi thle 20 percent not absorbed i~ largely converted to nitric oxide.

WAYNE. LO"s ELI C., AND YOST, Do-. x., "Hate of thle Rapid Gas Phase Reaction between NO, NO, and 11,0,"
J. Chtem. Ph vs. 18, b(15)

In this study the authors have used the cathode-ray osaciflograph to investigate the following reaction,-

NO (g) + NOi (g) + llsO (g) - 211N0,.(g) (1)

which the authors suggest is probably involved in the atmospherc immediately after a lIghtning stroke.
* One hundred and twenty* -three sej arate runs were made at temperatures from 230 to 25*C.

Employing a constant large e Icess pressure of NO (1 atmos) the ratio between the concentrations of
the molecular specie- NO andi N:, 3 was kept constant at 2. 1. The initial partial pressure of NO, (g) was
varied from 0.015 to 0.03 atmos, ifte 11:0) (g) between 0.09 and 0.025 and the molecular ratio of NO, to

11,20 between 0.31 anti 2.5.

The general differential rate e~uation was written as

dx iA dt -Y [(a - x/2) (b - x/2) - x'/ KI (2)

where x denntes PiN, a and b are I nitial values of P.N), and Pit,(), respectively, k is the rate constantof reac-
- ~ t ion I(1. and K tlie. appropriate equiilibrium constant, Y~ is a factor to represent any catalytic or inhibitory
*influentes affecting the rate. The rate constant k was estimated at 7.3 X 10' atmos-1 sec-1.
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CARRINGTON, TUCKER, AND DAVIDSON, NORMAN, "Photoelectric Observation of the Rate of Dissociation of
N204 by a Shock Wave." J. Chem. Phys. 19, 1313 (1951).

The rates of the very fast reaction,
Ni, 4 -2 2N0,

is of special intereit in connection with the study of the dispersion of sound velocity in a dissociating gas

(Einstein, Sitzber. preuss. Akad. Wiss.. 380 (1920)).

The principle of the method described in this letter to the editor involves a rapid compression and
heating of the equilibrium mixture, NO:, N204, the subsequent dissociation of X:04 is then followed by

fast photoelectric techniques. A detailed description is given of a typical experiment. Precise measure-
ments of the shock velocity, and of the shock temperature and pressure had not yet been made. Prelimninary

experiments gave a unimolecular rate constant for the dissociation of N20 4 Of I X< 101 sec-', at 25'C and

1 atmos of N2.

JOHNSTON, HAROLD S., "Four Mechanisms Involving Nitrogen Pentoxide," J. Am. Chem. Soc. 73, 4542
(1951).
Four complex kinetic systems involving N 204 are given in this report. These can be expressed in terms

of eight processes. The four mechanisms are: (1) The decomposition of nitrogen pentoxide, (2) the deconi.
position of nitrogen pentoxide in the presence of nitric oxide (3) the decomposition of ozone in the presence
of nitrogen pentoxide, and (4) the formation of nitrogen pent(,ide from ozone and nitrogen dioxide.a The eight reaction processes are:

NiOs + M aM N2O* 5 i + M (1)

N2,L+ N N306 + TN (2)

N,Oj s NO + NO3 (3)

NO2 + NO: -~ N,0h5* (4)
eNO, + NO -~ NO +O0,+ NO2 (5)

f
NO + NO--- 2NO: (6)

NO, + NO - 2NO, +02 (7)
h

NO, + 03 - N03 +01 (8)

LARSON, GORDON P., "Second Technical and Administrative Report on Air Pollution Control in Los Angeles
* p County" (1930-5i).

The report is subdivided into ten sections as follows:

1. Why Los3 Angeles County has Smog.

11. flow Smog Affects Us.
A.. Ill. What Contaminates the Air.

- 4
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IV. How Smog is Controlled.
V. Administration.

VI. Analysis of the Los Angeles Atmosphere.

VII. Chemical anl Physical Properties of Los Angeles Smog.

VIII. Total Daily Emissions to the Los Angeles Atmosphere.

IX. Reduction in Pollution Levels.
. . . .X.-Effect4 of Los Angeles Smog on Vegetation. .. .. . . .-- ... ..... . . ... ... .................

NO!! In answering the question why Los Angeles has smog, it is stated that the air which normally reaches

the California coast, particularly in summer, comes clockwise around a large high pressure area lying over

the Pacific Ocean with its center north of llawaii. As the column of air moves southeastward around this

"high," the tipper portion sinks and is heated by compression. The air next to the o -ean surface is cooled

from below. _This produces a layer of cold, moist layer below the warm, (fry, descending layer. This condi- 
.tion is known as a temperature inversion, with warm air above a layer of cold air.

In section VI, Analysis of the Los Angeles Atmosphere, a brief discussion is given about the oxides of

nitrogen in the atmosphere, nitrogen dioxide (NO 2) being the most prevalent. The following reaction occurs

when NO2 is dissolved in an alkaline medium.

4 2N02 + 1120 --* tN02 + JINO

Since an equimolecular mixture of nitrite and nitrate is formed, the method used for analysis consists in

determining the amount of nitrous acid, and multiplying by a factor of two in order to calculate the total

amount of oxides of nitrogen,

The method employed in the laboratory was based on the Griess.Ilosvay reaction for the determina.

UI tion of nitrites. The sulfanilir acid reacts with nitrous acid yielding a diazonium salt which when coupled

with alpfa.naphthy lamine produces a pink color. A colorimeter is used to measure the intensity of the

color, and hence the amount of nitrite.

In section VII, the Chemical and Physical Properties of Los Angeles Smog is considered. With refer.

ence to the role of NO,, the absorption of solar energy leads to the photodissociation of the NO2 molecule

into nitric oxide (NO) and atomic oxygen (0).

N0 2 + hv -. NO + 0

The nitric oxide combines with molecular oxygen and regenerates the

2NO + O2 --* 2NO

Soriginal nitrogen .dioxide molecule. In this.respect.NO, is considered as a catalyst, ava able for an indefinite

number of such cycles. The atomic oxygen formed during the cycle is able to react wi h organic compounds

and molecular oxygen yielding complex intermediate peroxide compounds and ozone, producing the oxidiz.
ing properties of Los Angeles air.

MATHESON, DELOSS t., --inorganic Nitrogen in Precipitation and Atmospheric Sediments," Can. J. Technol.

29, 406-412 (1951).

This investigation extended over a period of 18 months starting in January 1949. Daily determinations
were made of the inorganic nitrogen contained in precipitation and atmospheric sediments collected at

Hamilton, Ontario.

Ilk
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V the '' ~~~~.'raiinentIal nimetliis m cnibeo I. Thle nit ro gen conltent 'was de4'termi nedl as amminonia, and as
nlitrate It.% lit- regular c'heiala methodls for tilt anial~ 'sis of tfw-e nitrogen c'ompound11(4 s. Sev eral suiiiariz -

.. . ~it), taloe 1'- tilt, re-itl are- mmliii eo. It %as foundl~ t iiat sigi fic'an t aiollilts 4)1 mnorgani niC tl'4Wt coHI.
-- 4* ~poiinl ar.- cont1ribuiited to soil andt thme .irfai'e of bodies of water b~y time dieposit of precipitation and atmos.

licirie sedIiments.

I)i iri ittilt d a-I six iiioiitms of 191'0, 2 19 rnilligranis of Iitroign per. square meter were colle'ctedi. rii,
is e4ioi~altit t 14 5.2 lio per acre jier Near. The4 collec tion.l for time year 1950) totaled 6.2 lb per acre per year.
Of this ami mit of tk.,al nitrogen an avetrage of 56 percent was amimonia nitrogen.

SIMlPtIlRI4. MARtTIN. AND) HOCK. .4. M., HIOWARID, ROYCE, AND STOIIMiES, JOHrN, f.Isolation, Identification,
all([ Estimation (of ;asentis P'ollutanits of Air,- .la. (lien. 23, 1431 (1951).

---- ~----- lie au tho~rs front the National Buireaul of Standlards, Wasiingt4n, D. C., and the Consolidated ni
i14'eritlg Corpolratioin. Pasade4na, California have describedl the use of the mass spectrometer in the examina.

ti411 andi 'ii utifiiration~ of' game4)iu 1 pollutant.,4of air in :.into-. Three essential steps are outlined: (1) Isolation
oif the gfa~e )I.,llu iitatt front the air on a filter at the temperature of liqidt oxygen. (2) Separation of the
imoiatel ( centrate l)N isothermal dlistillation 4r sulilmation at low temperatures and p~ressures. (3)

I mimedizate anaiN is 4if tile iitillate wi th the nmass spectrometer.
Ir EachI 4 f tii4'-t .t4ps is. thiiroulghlv desc-iribeid in detail. Nitrous oxidle was idenltifiedl from peaks 30 and

I'l. lii ' tho i'tii as a se'fsitility of J101)111 of sie polluItan~ts from a IOO-liter sample of air, and with
iimrgi'r sin fit- 10 - 4111 (of .in lilt'511 i) .a114 canl lit' deterined

11' g -ii I lia -e if lilt- '.4111 'Ata - fol41114 to hie 44f tiln- ordecr of 0.5 ppm o)f 1.os.Angeles..air. rhle most
impo rtIanlt ii f -41111t. (i1 iiiiiii' (' 44111ica j44441114 Iid iii !ii in thei' 5n4g were tilt oixiized tunsa tura tedl hydiro.

ia hi ii-.i~~ii~i'dith t i i i.i all iiiHiIri gi 'ii iid in til - pii resence of sunlhighlt, pirodinttig subistanlces whichi
iit i l a rge in o irt ill 44 C -iig c'oncent'l Irateis. 'hi- ox idatIio n produ lcts cause eve anti respiratory

irritation. liii ri'-ilt- of 1114 pri''4'lt piaper -Iijijiiit lai iv% idi4nc'4 obitained by llaagcn.-lrlit 61951) that tile

- ' hi~~lre'-l1i4c t4 ljeii il4' ill particulaite( ila Itt'r chlarac4te'rize the i atla *Jut, componenlts in smog.

1932

1t1 % :4 ''T F. 11.. 'Toohmsr in the Lower Atmosphere," Intl.Eng. Client. 4,1339-1312 (1952).Pue

adAjijlitl; hiemi-tr York. September 1951. A birief resume is given of the oxygen role in the
lilipr atiliililpii'rc in thet foirmation of ozonel4. Tile following, mehns is en as a possible- way in which

i41 111 % ilt v i formed'u in the lowier atrnio~pherc as a b,. -prodluct of the phortolysis of sulfur dioxide.'

SO 2  + hV .~ - (1)- -
rSO2* + 02 -0 Sol- (2)

So, + (02 - S(),+ 03(3)

-1120 + S03 ' 112S01 (4)
W~iith r1 'f4'r'l-ew o Iie l iti- Elfniitrrogln it is statedr that tiiev are to bei exper'ted as conmbiistion p~rodu~cts-

it) ifilrii I anvt- Th xides ofiii iilitriigln ilaif been'f foiinid in L~os XIng4'Ics atmosphere in vo)ilccit rations

-- .-. l .. 4'iaili. ffor -tillfur dlid ie (Annumal Ri'port, 1919- 1950, Air Pollution Con~trol District County of Los3

.....................
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The author in the present paper states that nitrogen dioxide (NO:) may be regarded as tile ilost preva-
_____ lent of the oiiides of nitrogen in air mi)ltitionI. Nitrogeui dioxidle absorbsi radiation from 600)! A down to well

below 2000) .%. Fromt 600)0 to 3700) A it is ,tated that the spectrunm indicates only the formation of excited

nIdoecultisandl the di-ociation quantumn N ied is low. I howeve1r, below 371H) A tile absorption bands are
diffum- and thle prinmary (jiantlm efliciency of di,-ociationl is near unity (D~ickinson, It. G., and Blaxter, W. p.,

1. ,,z Chm.Soc. 3f0, ' (08); 1holmes, if. if., and] Daniels. F., J. Amt. Cheuii. Sor. 56, 0307 (1934)).

Tlhe folloluimg speculati'.i e ehaniin is -,i'.en where the ox'. "enitroffen dioxide ratio is very large.

NO 2 +1w- NO + 0 (5)
0) +O02 03 (6)
N 0+O2-N03 (7)

N0 3 +0 2 -. NO,+ 0 3  .(8)

(overall equlation) 30h 203 (9)

* These portou a ted -teps art- rea- mable and indica te a way in %hi cl nitrogen dioxide muay serve as an inter-
mediate in mnaking solar radia tion a% ailale for list in the formation of atmospheric ozone fromt oxygen. lin

e.._,equation (8) N02 is regenerated and therefore available io repeat the process. Nitrogen dioxide may be

more elfecti'.e than sulfur dioxide in forming, ozone in the lower atmosphere, (a) because of a much higher
primary quantum efficiency, and (b) because )uI its ctvi effect, sulfur dioxide not being regenerated in
thle above inechanisin for ozone formation from thle photolVsis Of S02.

It is pointed out that these reactions occur in the lower atmosphere while' none of the high altitude
photocemiical reactions can occur in the lowe-r atmosphere. 'Filae photochemnical reactions which occur in
the lower atnioqphere are initiated as a result of sunlight absorption by atmnospheric pollutants'produced

primiarly) in inustrial proccs~e. TIhe formation of ozone bly the catalytic action of nitrogen dioxide may
prove to be the most L-ignificant.

An excellen t bibliography pf t wentyv re ferences is included. Thme list includes such names as: S. Chapman,

C. HI. Biamford, It. Penndorf, 0. R1. U ulf, C. Fabry, and others.

GRAY, EDWARD LeB., maC.NAMEE, JAN[Ei K. AND GOLDBERr, STAN LEY B. -roXicity Of NO2 Vapors at very
Low Levels," Arch. Ind. 11l-g. Occupational Med. 6, 20 (1952).

% The opinions of various workers dffer greatly as to the toxic levels of NO2 vapors, particularly for

chronic exposures at low levels. There is also a great divergence of values for tile maximum allowable

concentratious.

- -- - The value set by the Amierican Standards Association and others is 25 ppm (parts per million). The
authors point ou ite risk involv ed in translating experiments on animals to conditions encountered by
humane. It is stated that amounts of NO 2 over 8 ppm prodtic- damage in rats and may cause injury to
man. In the opinion of the authors a maximum allowable concentration of 23 pl)m or more is too high.

* This is a preliminary study by workers at the Army, Chemical Center, M~aryland.

HAAGEN-SMIT, A. 3., "Chemistry and Physiology of Los Angeles Smnog," Ind. Ung. Cihem. 4t, 1342 (1952).

In this4 paper thle author states that under the influence of sunlit, nitrog-en dioxide dissociating into

nitric oxide and atomic oxygen readily oxidizes a number of compounds. Nitric oxide is oxidized by molec.
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ular oxygen to nitrogen dioxide, thus functioning as a continuous source of atonul oxygen. In tile los

Angeles area the nitrogen dioxide concentration reaches values of 0.4 parts per million.

Laboratory experiments employing this value, 0.1 ppmn of nitrogen dioxide and lidrocarbons derived

fron gasoline gave intermediate peroxide conpounds formed in the presence of sunlight, which are respon.

sible for typical plant daniage. With reference to eve irritation it was observed that when a cracked gasoline

was released in the presev . of nitrogen oxides and sunlight, the characteristic odor and eve irritation soon

became apparent.

With the aid of the nass spectrograph valuable information was obtained on the miultitude of hydro.

% carbons present in Los A:ngeles air. The mass spectrograms als) showed the presence of similar compounds

in smog as those produced from nixtures of hydrocarbons, oxidized with ozone, nitrogen oxides, and ultra.

violet light.. Estiniates show that from combustion processes that nitrogen oxides are liberated at a rate

of 200 to 300 tons daily into the Los Angeles air.-----------------------.

.The author gives the Schematic Presentation of Reactions in Polluted Air leading to Smog Symptoms

as shown on page 45 in the summary and evaluation of this survey.

HALL, EDWIN L., "What is the Role of the Gas Industry in Air Pollution?" Gas 28, No. 10, 54 (1952).

Reference is made to the investigations of A. J. llaagen.Smit (Eng. and Sci., December 1950) and

•. .. Shepherd and co-workers (Anal. Chem., October 1951) whoshowed that in the presence of sunlight oxides

of nitrogen anti hydrocarbons will produce crop damage, eye irritation and rubber cracking. It was shown

that vapor phase gum would not be formed in suflicient quantities to cause trouble if the reaction,
2N) + 02 -- 2NO2

was not catalyzed by certain conjugated diolefins, such as butadiene and cyclopentadiene, which are nor-

mally present in manufactured gas.

The following sequence reactions are given:

2NO + 02 + catalysts --* 2NO2

NO2 + hydrocarbon - gum or smog molecule
gum molecules ---* aerosol suspen oids

HALL, T. C., AND BLACET, F. E. "Separation of the Absorption ctra of N 2 and N20 4 in the Range 200-

5000 A," J. Chem. Phys. 20, 1745-1749 (1952).

The effect of a thermal equilibrium shift on the

... _ ....... _ N10 4 - 2NO2

absorption is discussed. As the temperature is raised the increase of NO2 and decrease of N0 4 concentra-

tion in the range 2400-2900 A was evident. The increased probability of the N204 rather than the NO

absorbing incident radiation as thu wavelength is decreased is of photochemical interest. The quantum

yield data for systems containing

b NAO, 2 2NO2

should be a function of the ratio p2 'p;, and hence to total pressure pi. Reduction of the wavelength of

incident light over a sufficient range could change the primary absorber from NO2 to N20 4 , and as a result

alter the photochemistry of the system.

- - I
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Involved in the studiy was the calculation of the absorptio~n coefliCientS Of NO 2 andiN10 4 from the opti.

cal dlensity curves (log 1~ 1) of the mnixture uinder conditionst of different total pressure where the ratios of

NO, anti N:04 are different. The continuious calculation of the absorption coefficients over the range of

wavelengthsA was accomplished by ineans of a miechanical analog differential analyzed. The experimental

miethod i-4 describedl as %ell a.; the calculations and errors.

McCABE, LOUIS C., "Air Pollution." McGraw-Hill Book Company. Inc., New York (1952), pp. 151 andl 651.

* In chapter 15 of this4 excellent book on the Proceedings of the U. S. Techinieal Conference on Air PoIlu.

tion. HI. F~. Joihnsitone of the University of Illinois has discussed the Properties and Behavior of Air Con.

taininants. With respect to the nitrogen Oxides, NO and NO 2, the thresh 'old concentration value is 25 parts

*per ililiont by volumre. The dangerous or fatal concentration value is 100-150 parts per million. The
jphisiological effects are irritation andl edemia.-- - -

Theeoxides of nitrogen arc seldom found in air in concentrations to the extent that their physiological

effects can be noticed. Concentrations as high as 0.3 ppm have been reported in the Los Angeles atmos.

pliere. The Oxidles of nitrogen may contribute indlirectliy to air polluition by catalyzing the oxidation of SOl.

Thus they are responsible in part for the acidity in rain and fog and hence are factors to atmospheric corrosion.

The oxides of nitrogen are by-products of the combustion of some kinds of fuels, particularly by oxida-

tion of ammonia waste gases fromn refineries which employ the regeneration of cracking catalysts, sulfuric

ac-id manufacturing plants, and pickling processes for stainless steels are all sources of the oxides of nitrogen

to air pollution.

In captr 1 C-do Blrunetti, P. L.. M1agill, and F. G. Sawyer of the Stanford Research Institute,
Stanford. Califo.rnia have discu-seh new dlevelopnments in instrumentation for air pollution studies. The

oxides of nitrogen are colle~cted by scrubbing .50 cubic feet of air with 50 milliliters of 5 percent sodium

hitlroxide s4dhition. After oxidation of the oxides of nitrogen in soltution by l.ydrogen peroxide they are

* .*. determninedl volorinietrically by using phenolsulfonic acid reagent. The sensitivity of this method is 0.05

ppm with an accuracy of 10 percent. 9

HAAGFN-SMIT. %. J.. 11 DR 401v, C. E. AND FOX, 31. M.**Ozone Formation in Photochemical Oxidation of Organic
Substances.*' Ind. Eng. Checm. 45, 2086 (1953).

Theauithorsstate that smog periods in the Los Angeles area are chemically characterized by a pronounced

oxidizin!! effect, of the order of 0.6 ppm calculated as hydrogen peroxide usually determined by the libera.-

-t ion of iodine front neutral buffered pota.sitm iodide solution. Another method for measuring the oxidiz-
in action (of snio", ron-ist- in the coloration of dies such as indi~ro suilfonic acid or crystal violet. A conven-

ient snili indic-ator is codilorle~ss phenolphthalin, which is oxidized to phenolphithalein (red in alkaline solu-

tion). The intensity of the red color is a direct measure of the smog concentration.

T te oxi(Ii z in,, c ffect o f s nog h as been shfown to he dIte to the r m bined(Iac tiono f n itro gen oxi (Ies, pe roxides,
a iloz ic.con iiarit( -iIb ieriiing, action of suilfur dioxide (0.1 to .0.2 ppm). The presence of per.

- oxides in the atmvo-phcre is explained by the pho~tochemnical oxidlation of hydirocarbons liberated into the

air. 7itro~en oxiiles fuinction as catalssts in the formation of theie peroxiiles. The natural ozone concentra-

tion on the earth's surface is reported to be approximately 0.02 to 0.03 ppm.



122

TVhe' "pen men t repos rted. in ie, prs-en t pai pr were dlesigneds to sLu. iv tit# formniation ofi ozon,.pe thI n roghI

* pliistswliniial reavliti ii iii the. llresenve ofI om of nitrigen lrid varioit- irganie ~il~ais.It was sleir-

I ssrr..tlra tesi that oitile '4 a- fosrmned througli jilt, tocshieniral osida lon of aii'iiiiii, .hleli .4. k,'tes,. aids,
antd 11% ii ins sea il s uch .r. I as aren pre-s'iat iii ga-.oiline in thlie presencle of sinal I soneen tra tit sirs of th oi' xidles of

nitrogen.

The ozoneI~ fom at ion u4a at trili mites to a iter. s lle radilar s'hiin re'actionf. ht %%a shos.wn fro nt th lex~peri

miienit 'iis % i tie( atilit . r, cons in.I els thI at thle relt'ae o~f la rge quranit it ies of hydiirocarbos sin~jtoi the air miintl
Sa neon-lk in thle 1 re-m-ielss' s ies of' n it ri gin fromii e liii hn- Ii. sri lrovses exp lain s t he intla Iioei hi gh o ne)ui

* es s~cneentIratioin ii thle ILos ri gele4 area. The efIfect. s are- of ec.onic conseiquience aiI heal th hiaz~ard s.

* 1115' ~The.[it A welr l i i j-ia tio n oif nitroins igei Is,~isle iii tie( piresence' of soi gh t prid iies a es n till i
smoirce o.f atoii o\,o gen. i e nrto r f iit rigei dixid Ibv uoxida1t ison of the itric oxid ci ar i's thte

j ~~rea t ii trits lbe vonsritini u ri. Thei. ozoneii countent slitirin,~ sim pgIeriodIs ha.s repeat esdly be'en deterinredl to lbe
I ~~frti.nt 0.2 to 0 .3 5liii lush are- s.'sera t imies, t hs niua,,inii e I'vel (0. 1 jipiti recomimned by tIt(e A mreric'an

- 3leila .A-oviatissn Cisririil onl lIi,ivaI Therapy for safe working coinsit ions.

* ~LARS~ON, Co)O N P., FISCHURi, GEott(; I., AND litMM ltNs;, WALTER J., "Evaltuating Sortrces of Air Pollution,"
Inrd. Eng. Che'n. 45, 1070 (1933).

The concentration of the oxides of nitrogen in tlit( atinosphere over downtown Los Angeles, California

hias. been determninedl on variosi. las s sduring 19)51. t.e f iliwingm correlation was noted for pcrioils4 of good
. is-ibili ty ano l diiri ng peris ik of inll sse Sinog.

Pe'rims% (sf (;swis Ps'ritoil of

ppm rtsm
* ~.ins's-niranissn i~f

Oits'4 s.f Niir-._zsn 0.80.4

McCAREt. n,0tis C... -'Atiiio-plieric Vl'sloitioui." lit,. ELug. (Ciem. 03, 111 A (1953) (September numrber).

In t li ii soilth I rIi ns fnin MclCabe hla- s ii ' as*. I a insethodl fsor e t irnat i rg oxidla nt in thle air. The mecthIoid

is a -#' osn thle sixisliat is in f jihs'nidlittI a lii to jihsnsl ji tha ls'in. Resfserenice i-4 masde to the importane 5 f
* o~~~i ins', pen ix ide, a nd soxid e.; of nit ro geni in thre fi inat ion of air ('(lit amiiiants4 which has bseen describes I by

Ilaags'-*rnit (Id. LEre. (Jaen. ti. B3t2 19052j . anti by Littman anti Mlagill ("Some Unisirre Asplects of Air

Polluttion ii [Lo- Angcvl,-,- Starnardl Research Institrte (19513)). --------

The oxiIa tisin reution o~f plrensilplit hahin is illurstratedh by strrinral formulas in the following reaction:

0
2 If

Plienolplih iahin (colorless) Phenolphthalein (red)
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The author reports that the Beckman Instruments Inc. of South Pasadena, California is now building

an instrument for the determination of total oxidant in the air. The method is based upon the oxidation of

if phenolphthalin to phenolphtalein which provides a sensitivity of less than I ppm oxidant in the air. The

- preparation of the phenolphthalin test reagent, testing procedure, the use of the Klett-Summerson colorimeter

followed by estimation from a standard curve are described.

..... -.. E, c.oitmN). E., The Spectrum of Nitrogen Dioxide in the 1.4-3.4 u Region and the Vibrational and
Rotational Constants of the NO 2 Molecule," J. Opt. Soc. Am. 43, 10.15 (1953).

The spectrum of NO: %as observed with a vacuum grating spectrograph using PbS and PbTe photo.

W conducting detectors. The observation cells employed were 100, 120 and 200 cm in length. The experimental

details are given. Nine absorption bands were observed and the fremuencies of the band centers of NO2 are

........... listed. The fundaiental frequencies of NO, are given: ,4- 1322.5 cm - 1, ' -- 750.9 cm - 1, and s3v 1616.0

cm-'. All nine bands reported in this investigation had rotational structure at least partially'resolved. Two
. apparently abnormal interactions occur between vibrational lines 3 Y3 and 2 $i + 3 Y2, and between Yi + 3 1,3

:nd3 +3Y 2.

The structural ground state parameters are:

, r,-o 1.188 + 0.004 A and < - N - O-134* 4' -4- 15'

it.which are in close agreement with electron diffraction data

r._-0o 1.2 0 _+ 0.02A, and < 0- N - 0 132 ° :E 30.

d
NICOLET, MARCEL. "Aeronomical Problems of Nitrogen Oxides," Ionospheric Research, Scientific Report

No. 52, The Pennsylvania State College, 25 October 1953, AMC Contract No. AF19(122).44.
In this report Nicolet has considered the photochemistry of nitrogen dioxide in the upper atmosphere

along with (a) nitrous oxide anti (b) nitric oxide hich generally are regarded to be the most important of the

*oxides of nitrogen at high levels and in ionospheric phenomena.

INitrogen dlioxide is not considered an important constituent in the mesosphere during daylight, since

the rate coefficient of dissociation is high. Nitrogen dioxide processes during the night have not been

investigated: however laboratory studies indicate many interesting phenomena. Reference is made to the
fluorescence which occurs in two visible bands lying in the red-orange (6200-6300 A) and the yellow-green
(5600-6050 A) parts of the spectrum observed by Norrish (1929) and by Baxter (1930). Also Gaydon (1944) .

. i ba. hrmrted the formation of NO2 by a radiative process involving nitric oxide and atomic oxygen as a
process leading to an emission spectrum.

Several laboratory investigations on radiative processes indicate that nitrogen dioxide may be an

important contributor to the continuous airglow spectrum. Nitrogen dioxide and atmospheric oxygen

system is discussed in the light of data found by Bodenstein and Linderer (1929), Holmes and Daniels (1934),

Hall and Blacett (1952), and others.

From a study of nitrogen dioxide formation and photodissociation

NO +o-NO2 (1)
NO + hv - NO + 0 (2)
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it was, itomriset tha~t tlie ratio ri(NOh) 'n(N)) < < 1 has no practical effect on the nitric oxide (lay coneentra-I

tion: hio%%e'er the ratio varies very rapidlY andI is different during day and night. The phlototlis-4oviation

rate coefficient (about 5 X 10-' seC-, Bate" (1952)) is necessary to considler in the 1) region reactions5.

*The author ,tate-s that the photoioniation of nitrogen dioxide is so rapidi during the (lay that its action

- on the nitric oxide concentra tioni can be neg-lected. The night mechanisms are the followin":

0 ( + N 0 NO2 + h (coeff. rate b3) (3)

about 10 .7ciii' see-', Bates (1932).

0 + N0 2 - NO + 02 (co-ff rate b2.) (4)

.03 + N02-.NO + 02 (5)
03 + NO -. NO 2 + 0, (coeff. rate b,) (6)

-N03 + NO O..0+ NO2  (7)
N02 + ho' -NO +0 (8)

.. r 'Fit-e follo~ing differential equation involving processes affecting NO 2 was suggested.

___= b~n(NO) n(0) + b~n(NO) n(03) - ~n(N02) n(O) - (NO 2) J..0, (9)
dt

Frorn theoretical calculations; Nicolet concluded that the transformation of NO into NO2 during the night

is important in the entire mesosphere. 'rhe7 nitric oxide (NO) taken as; about 101 cmn' near 80kiwould be of

*the order of l0W cm'n at 65 km., the N0 2 nocturnal concentration could be represented by values of about the

* same orders of mnagnitude or less4, the N( concentration being limited by the dlay concentration of NO in

the entire niesosphere.

3 With reference to the night airgiow Nicolet states that the reaction between NO,. with 0 is an important

process that cannot be neglected.

The bi-mnolecular a6sociation, N .N ~(0
NO + 0- NO2 + hy (x < 3700-4000 A) (11)

* 3 is siigge-ted as corresponding to the continuous airglow observed by Rayleigh (1910) and later studied by

Stodliart (1931t) ani -Nei~nann (193.3) in more detail, indicating reaction mechanism (11) to be important.

TIhe mnechanism,
03 + NO 02 + NO2

5  (12)

is also considered as a process in the night airglow.

1954

*WoR 1, K., "The AIP.Orpt ion Spectrum of Nitrogen Dioxide in the Vacuum Ultraviolet," Science of Light
(Tokyo) 3, No. 1, 62 (1954).

The band s;pectra of nitrogen dioxide (.NO 2) were photographed in the vacuulm ultraviolet. The spectral

* region X 100A350 A couldl be considered as a combination of two progressions, one having a frequency of

about P(H) cn-', and the other 600 crn'. Fifteen new diffuse bands were found at about X 1800 A. 'rhe
author concludes that the electronic structure of NO2 suggested by his investigations is in agreement with

that predicted earlier by Mulliken.
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SALTZMAN. BERNARD E.. "Colorinietric Mi,'rodeternifnation of Nitrogen Dioxide in the Atmosphere," Anal.

* Chem. 26, lOP) (1911).

The toxicity of nitrogen dio~ide is emlhasizel. A concentration of five )arts per million of nitrogen
dioxide is the maximum safe allowance. llhis gas is liberated (uring many operations, such as explosives,

*. welding olerations. exhaust of internal combustion engirie4, and in chemical processes involving nitration.

Some of the dialiculties in the past have been: absorbing the ga-, froni a sufficiently large sample, uncertainty

of results for levels below 5 ppn, collection in large bottles for the well-known phenoldisulfonic acid method,

length of time required for complete analysis.

.* -"In the present paper the author has reported the development of a reagent which is specific for nitrogen

" dioxide, and (can he used for continuous sampling. The reagent is a mixture of sulfanilic acid, N.(I-naphthyl).

ethvlenedianine dilidtohloride, and acetic acid. Tie sensitivity claimed is a few ,',rts -er billion for a

10-minute sanple at 0. 4liter lr minute. The apparatus includes a Beckman Model D U spectrophotometer,

midget fritted bubblers, and grab-sample bottles. The reagents employed are stable for several months if

kept stored in a refrigerator in well stoppered brown bottles.The reagents are: (a) N-(1-naphthyl).ethylene.
%ldianine dihidrochloride, (b) Absorbing reagent of sulfanilic acid in glacial acetic acid, and (c) Standard

sodium nitrite solution.

I The preparation of the reagents. the procedures for sampling, standardization determination, and calcu.
/ ( lations are described in detail. The effects of the various interfering gases are considered and found to be

unimportant.

MtKltERJEE, ASOKE KUMAR, "Thunderstorm and Fixation of Nitrogen in Rain," Indian J. Meteorol. Geophys.

f6, 57 (1955).

The author in the present paper has reviewed the recent determinations of nitrate and ammonia in rain

,, water in S,%eden. The results of these analyses led to the conclusion that thunder (electrical spark discharges

in the atmosphere) was not a determining factor in the production of nitrogen compounds formed in rain

water.

As a result of the data obtained in Sweden the present investigation ofcombined nitrogen in rain water

. in India was undertaken. It was concluded that time mechanism of the formation of nitrates in the atmos-

.*: phere is quite complicated. The electric spark discharge may have some effect in the lower atmosphere, but

it cannot be considered primarily responsible for the formation of nitrates in rain.

SThe author is in agreement with Virtanen (1952) that the determination of nitrogen compounds at

i different altitudes is indispensible in obtaining information of the nitrogen fixation in the atmosphere. A
bibliography of eight references to previous studies of nitrogen fixation in the atmosphere is included.

NICOI.E1, MARCEL, 'The Aerononi Prohlem of Nitrogen Oxides, J..Atm. Terrest. Phys. 7, 152 (1955).

In this theoretical analv-is of the aeronomy of nitrogen oxides the author considers nitrogen dioxide

(No.) as an atmol,heric constituent. During daytime this oxide of nitrogen cannot be considered important

in the me~osphere since the dissociation rate coeffici,-nt is high. Reference is made to the spectroscopic

stumdies of NI by Norri~h (1929), bv Baxter (1930), Gaydon (1914), Rayleigh (1910), Stoddard (1931),

Newman (1935), Spealnan and Rodebush (1935), Kondratjew (1936), and by Tanaka and Shimazu (19.48).

I
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Tihe author states that tihe formation of NO, duri ng the night is a problem that remains to be investi-
gated. The reaction

NO, +N-oNO +NO (1)

may be important at night. From a study of N02 fo rmation anti photodlssociation
N01 + N02O+N 1

NO + 0-.N0 (2)
NO +bhs NO +O (3)

the ratio n(NO2 ) 'n(NO) <<1.

It is concluded that there is no effect of the daytime nitric oxide (NO) concentration. Atmospheric

mixing is considered to be of practical importance in flixing the vertical distribution of nitric oxide more than

a vertical distribution by photochemical equilibrium. The ratio n(NOt),"n(NO) is shown to vary ra3dly

and is different during the day and night. The essential night-time mechanisms for NO are .

NO + 0 -. N20 + hy (4)

for which Bates (1954) gives the rate coefficient of about 10-17 cm, see-'.

NO, + 0 -. NO + O, (5)

In the latter reaction the rate coefficient depends on the activation chosen. During night the equilibrium

ratio, n(NO:),/n(NO) is greater ihan one in the ozone region. At 90 kra where oxygen atoms are involved

the ratio is considered less than unity.

In regard to the abundance -and distribution of nitric oxide (NO) molecules in the mesosphere, Nicolet

states that as a first approximation the distribution follows atmospheric vertical distribution. It is concluded

that the concentration of nitric oxide cannot be more than 10'1 cm - ' at 80 km.

**. N . . - . . . . . -/, •
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